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Preface

In this thesis I examined the effect of a large blunt

nosed radome on the longitudinal/directional stability of a

C-18 aircraft. My evaluation was based on date gathered

from low speed wind tunnel testirg of a model Boeing 707-320B

aircraft configured with and without the large radome.

Since manufacturing a wind tunnel model is generally

quite expensive and time consuming, the feasibility of this

thesis was largely determined by the availability of a .ow

cost, readily available model. In 1976 M. Skujins concluded,

based on the results of a C-141 low speed wind tunnel test

using a model constructed from a 1/108 scale vacuform hobby

kit, that commercial hobby kits are a potential source for

I •accurate low cost wind tunnel models. Based largely on M.

Skujins' test results, T determined that a commercially

available 1/100 scale Boeing 707-320B vacuform hobby kit

would be adequate for my purpose. Of course this was also

due to the fact that there are no significant external dif-

ferences between C-18 and Boeing 707-320B aircraft.

In light of the small scale model and my desire to have

a moveabl. rudder and horizontal stabilizer, considerable

credit must go to Mr. Jack Tiffany who converted the plastic

hobby kit into a wind tunnel test article complete with the

"moveable control surfaces mentioned. I also wish to express

"appreciation to Mr. Scotty Whitt and Mr. Nick Yardich, wind
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tunnel technicians, whose cumulative knowledge, experience,

and concerted efforts are best represented by the high qual-

ity of the data. Their si-ills, gained over years of exper-

ience, and diligence are one ot AFIT's most valuable assets.

Great appreciation is also extended to Professor Harold C.

Larsen who provided valuable insight and guidance together

with my advisor, Maj Michael L. Smith. The most credit of

all must go to my wife, Tricia, who not only put up with my

various moods during the 11 months spent on this project,

but provided constant support and encouragement.
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Abstract

The Air Force intends to modify Boeing 707-320C aircraft

(Air Force designation, C-18) with the large blunt nosed

Advance Range Instrumentation Aircraft (ARIA) radome formerly

installed on EC-135 aircraft. This modification will signi-

ficantly increase fuselage area forward of the aircraft cen-

ter of gravity and is expected to reduce longitudinal and

directional stability, and increase drag. These anticipated

aerodynamic changes were evaluated from data gathered on a

modified (ARIA) and unmodified (BASIC) 1/100 scale model C-18

tested in the AFIT five foot low speed wind tunnel. Longi-

tudinal data were gathered from -4 Lo +18 degrees angle of

attack (a) at fixed stabilizer angles from -10 to +7 degrees.

Directional data were gathered from -6 to +6 degrees of side-

slip at fixed rudder angles from -25 to +25 degrees. At trim,

longitudinal static stability for ARIA was slightly less than

BASIC. AdCM/dCL was on the order of .03 at -. 2 CLt and .8

CLt and was on the order of .01 to .001 from .2 to .5 C

Below 12 degrees a a higher a was required for ARIA than

BASIC to achieve the same C The change in drag appeared

to be less than the accuracy of the drag measurement system

and could not be quantified. The change in Directional sta-

tic stability was insignificant.
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I. Introduction

Background

In 1981 the 4950th Test Wing, Wright-Patterson AFB,

Ohio, began the acquisition of Boeing 707-320C commercial

aircraft. These aircraft will replace the current fleet of

EC-135 Advanced Range Instrumentation Aircraft (ARIA). A

number of the Boeing 707--320C aircraft (Air Force designa-

tion - C-18) will be fitted with the large ARIA radome (see

Figs 1 and 2) previously fitted to the EC-135 ARIA aircraft.

Problem

Since the addition of the ARIA radome significantly in-

I:'. creases fuselage area well forward of the aircraft center of

gravity (CG), a reduction in longitudinal and directional

stability was expected. Furthermore, since the C-18 is a

larger version of the EC-135 (see Appendix F for dimensions)

"it was further anticipated that C-18 vs C-18 ARIA stability

differences would not necessaiily correspond with EC-135 vs

EC-135 ARIA stability differences.

i ~Obj ective

"This study was undertaken to evaluate the change in

static stability of the C-18 aircraft due to addition of the

ARIA radome. Data for the eval'iation were obtained from

wind tunnel experiment using a 1/100 scale model in the AFIT

a
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five foot, low speed wind tunnel. Procedures were established

to evaluate longitudinal and directional stability for C-18

basic ccnfiguration (BASIC) and C-18 ARIA. Since the data

were gathered in the form of model lift and drag, the lift

and drag characteristics of the model were also evaluated.

44
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II. rest Equipment

Wind Tunnel

The AFIT five foot Wind Tunnel was built in 1919 at

McCook Field, Dayton OH, and moved to its present location

in 3.921. It is the open circuit, continuous flow type. The

tunnel has a closed test section, five feet in diameter and

18 feet in length, with a contraction ratio of 3.7/1.0. The

wooden tunnel, including the intake and diffuser, is contained

within a large building which provides a double return passage

for the air (see Fig. 5). Tunnel airflow is induced by two

12 foot counterrotating fans, driven by four 400 horsepower

direct current motors, and is capable of providing test sec-

tion speeds up to 293 feet per second (fps) which corresponds

to a Reynolds Number (Re) per foot of 1.876 x 10 6 under sea

level standard day zonditions. Total pressure is atmospheric.

Static pressure is measured by a manifold containing eight

static pressure ports 30 inches from the tunnel entrance and

2.5 feet forward of the test section. Dynamic pressure is

measured by a micromanometer connected to static and atmos-

pheric pressure.

This test utilized the three component wire balance,

which has front and rear lift wires perpendicular to and

drag wires parallel to the longitudinal tunnel. axis. The

wires are connected to Toledo springless scales which are

4 . . .[ '" " " ' ""'"• " -"' • " ' " " •"• • " " " " " "" " "" ' ' " " " " " " i " ' '



equipped with tape printout data recording. The attitude

of the model relative to the longitudinal axis of the tunnel

was read on a calibrated mechanical analog counter.

Model

The test model (Figs 1 and 2) was constructed from a

1/100 scale VC-137, plastic, Nitto vacuform hobby kit. The

VC.-137 is essentially a Boeing 707-320B which has no signi-

ficant external differences from the C-18. The hobby kit

was extensively modified in the AFIT model construction shop

for wind tunnel testing. The hollow body was filled with

epoxy and brass wing stiffeners were installed in the inboard

wing section. The rudder was free to move and could be fixed

in five degree increments from zero to 25 degrees right C-)

or left (+). The horizontal stabilizer was also free to move

and could be pinned at seven or six degrees leading edge up

(positive incidence) and at two degree increments from six

degrees to 10 degrees leading edge down (negative incidence).

The model ARIA radome was manufactured in the model construc-

tion shop and was designed for easy installation and removal.

The rear lift wire attach point was mounted on a sting to

-r-vent • •n•er .erence between the empennage and the rear lift

wire. A removable calibration block was fitted to the top

of the model. The top and left side of the block were ma-

chined parallel to the longitudinal axis of the model.

"6



Model/Tunnel Setup

Prior to installing the model in the tunnel, the model

was precisely measured to determine the relative location of

the wire balance attach points (see Figs 8 and 9). From

these measurements, the angle of the balance relative to the

tunnel longitudinal axis was determined. This information

was used to position the rear lift scale to insure that the

rear lift wire remained perpendicular to the drag wire as

the model was pitched. This was accomplished for both the

longitudinal and directional testing setup.

Due to the small scale mr, del, it was necessary to mount

the front lift wire attachment trunions 10 inches apart. The

drag wires were, therefore, reset to a 10 inch spread to keep

them parallel to the longitudinal axis of the tunnel.

Once the model was mounted in the tunnel, the angle of

attack counter was calibrated in terms of the angle between

the model fuselage axis and the longitudinal tunnel axis.

Using an inclinometer, positioned on the calibration block,

mechanical counter readings were determined for each geometric

angle of attack/sideslip. Counter readings were always

approached in the positive (nose up) direction to minimize

inaccuracy from backlash in the mechanical gear system which

drives the counter.

74
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Fig. 3. Model Measurement Setup
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Fig. 4. Model Measurement Setup
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"III. Static Stability Theory

LonQitudinal Static Stability Theory

For an aircraft to have static longitudinal stability,

pitching moment coefficient (CM) must decrease as angle of

attack (a) increases and increase as a decreases. This

assumes a positive nose up moment. Thus, for static stabil-

ity, dCM/dc (CM) must be negative. In general the wing and

fuselage produce a destabilizing moment (CM positive) which

is offset by the horizontal stabilizer to keep CM negative

for the combined airplane. From the development in Chapter

Six, Reference 3, ignoring the influence of the propulsion

system,

C C" (h - hn (].)
-"i CM• = CL (-) 1

M L n

where,

h n h nwb -I/CLI (dCMacwb/da - Vn dC Ltail/dct) (2)

a rid

SKn =(hn - h) (3)

Kn is the static margin which must be positive for a stati-

J::..cally stable airplane. For low speed wind tunnel applica--

tions, in the absence of Mach effects where CT = 0 and dyna-

mic pressure is held constant, it is possible to treat CM as

a unique function of CL. Thus,

dCM/dCL = h - hn (4)
M 11
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Therefore, dCM/dCL must be negative for a statically stable

airplane.

Now, the addition of the ARIA radome to the C-18 air-

craft increases the fuselage area and length well forward of

* the aircraft center of gravity. Thus, any normal aerodynamic

force generated by the ARIA radome will act through a greater

lever arm and probably with inrcreased magnitude relative to

the normal force generated by the BASIC airplane nose section.

This should result in a forward shift of hnwb and an increase

in dCMacwb/dc. Thus, from equation 2, holding tail volume

and tail lift slope constant, the probable result of adding

the ARIA radome should be a forward shift of the neutral

point, reducing the static margin and increasing dCM/dCL.

Therefore, the ARIA radome should ieduce the longitudinal

static stability of the C-18 aircraft.

Static Directional Stability

For static directional stability, yawing moment (CN)

must increase as sideslip angle (a) increases or dCN/dO must

be positive. This assumes yawing moment positive to the

right and positive sideslip angle corresponding to nose left

of the flinht pnath As with a normal. force, any sideforce

generated by the ARIA adome will act through a greater lever

arm forwar-d of the CG and probably with increased magnitude

relative to sideforce generated by the BASIC airplane nose

section. Thus the ARIA radome should be directionally

12
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destabilizing and result in a decrease in dCN/d3 and an

increase in dCy/dI relative to the BASIC C-18 aircraft.

13.
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IV. General Test and Data
Analysis Procedures

Testing was accomplished with the model in ARIA config-

uration. Individual runs were accomplished at 60 pounds per

square foot (PSF) dynamic pressure at discrete values of

stabilizer or rudder angle. Prior to data recording, model

center of rotation was reset to the wind off location and the

wires were mechanically vibrated to reduce the effects of

hysteresis in the wire/pulley system. At each angle of attack/

sideslip, eight readings were recorded wind on and three wind

off on each of the front lift, rear lift and drag scales.

Multiple readings were taken and averaged to reduce data

scatter. Wind off static values were recorded at least every

other run throughout the angle of attack/sideslip range when

runs were made close together. Static readings were taken

before and after individual runs when a significant time

lapse existed between them. The data reduction outline is

presented in Appendix A and accuracy discussion in Appendix B.

In order to extract stability derivatives and evaluate

trimmed lift and drag, it was necessary to fit the data to a

mathematically representable curve. This was done using the

technique of least squares. Thus, curves plotted through

data represent a least square fit and have the polynomial

representation listed in Appendix E.

14
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- V. Longitudinal Testing

Longitudinal Test Procedure

Longitudinal testing was accomplished over a geometric

angle of attack range (a from -4 degrees to 18 degrees,

with ,stabilizer angles from 10 degrees leading edge down

(-10 degrees) to 6 degrees leading edge up.

"Longitudinal test conditions for BASIC and ARIA config-

urations are specified in Appendix C. For each stabilizer

angle, wind tunnel speed was stabilized and data were col-

lected in two degree a increments from -4 degrees to 10

degrees, and in one degree increments from 10 degrees to 18

degrees. Data were first collected at zero degrees ag, then

collected from -4 degrees to 18 degrees a g by constantly in-

creasing a. Data collection was repeated at 16, 12, 8, 4,

and 0 degrees a g as a was decreased. Stabilizer angles -2

degrees and 6 degrees were evaluated for the BASIC configur-

ation to demonstrate data consistency/measurement system

sensitivity and were not evaluated in the ARIA configuration.

Longitudinal Data Analysis

Trim points were evaluated by taking the angle of attack

U or CL corresponding to zero CM for each stabilizer angle.

Thus, the trimmed CL was determined directly from the CM vs

C, plot or indirectly from the trimmed a crossed referenced

* to the CL vs a plot. Trimmed ('D was determined in a similarL~ii15
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manner. Figures D3 through D8, which present dCM/dCL, vs CL

were generated by taking the derivative of CM vs CL and

represent the continuous slope of the second order curves in

the CM vs C plot.

Longitudinal Test Results

Longitudinal test results are presented in Figs 22-27

and Dl-D25.

Static Stability

"The model demonstrated positive longitudinal static

stability for BASIC and ARIA configuration at all test con-

ditions prior to stall. The change in static longitudinal

stability between ARIA and BASIC configurations (AdCM/dCL)

was small, particularly in the mid lift coefficient range.

With reference to Fig. 8, it can be seen that for, trimmed

conditions, ARIA configuration was slightly less stable than

BASIC configuration, with the largest difference occurring

at the extreme lift coefficient values. AdCM/dCL was on the

order of .03 at -. 2 CL trim and .8 CLt and on the order of

.012 to .001 from .2 to .5 CLt. The small AdCM/dCL in the

mid CLt range indicated that the net destabilizing effect

generated by the ARIA radome was very small. dC /dC for
M L

the two configurations is directly compared for each discrete

stabilizer angle in Figs D3 through D8. In general, the

plots show regions where the ARIA configuration is mor*ý and

less stable than the BASIC configuration. The ARIA

18
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configuration was relatively more stable at high lift co-

"efficients and positive stabilizer angles and at low lift

coefficients and negative stabilizer angles. This trend

indicates that there may have been interference due to the

ARIA radome on the horizontal stabilizer increasing stabil-

izer effectiveness and offsetting the anticipated destabili-

zing effect of the ARIA radome. However, with the exception

of -2 degrees stabilizer angle, the regions where the ARIA

configuration was relatively more stable are far removed

from the trim point and do not represent areas of practical

aircraft operation or significance.

Lift

.For constant a values below approximately 12 degrees,

"total lift for ARIA was less than total lift BASIC. This

conclusion is based on Fig. 25, CL vs a trim, which was ex-

tracted from Figs Dl, D2, D9, and DIO. Conversely, a higher

angle of attack was required for ARIA than BASIC to achieve

f. the same CL. Apparently the higher a was required to increase

wing lift to offset a downloaded ARIA radome. Figure 11

shows that CL vs a trim ARIA crosses CL vs a trim. BASIC inL L
the vicinity of 12 degrees a. The gradual decrease in 6CL

"I indicates a gradually decreasing download on the ARIA radome

to approximately 12 degrees a which represents the zero lift

angle of attack f r the ARIA radome. This apparent download,

decreasing with increasing a, forward of the aircraft center

1 19



of gravity (CG) should produce a destabilizing nose down

moment, gradually decreasing as a increases to 12 degrees.

Data displayed in Fig. 8 is consistent with this expectation.

AdCM/dCL gradually decreased with increasing CL. The increase

in AdCM/dCL at the CL corresponding to 12 degrees indicates

"that the ARIA radome was transitioning to an uploaded condi-

tion with a resulting destabilizing nose up moment. Figure

12, stabilizer angle vs CL trim, shows that a more negative

stabilizer angle was required to trim a given CL for ARIA

than BASIC which is also consistent with a downloaded radcme.

Drag

The change in drag due to the addition of the ARIA

radome appeared to be less than drag measurement system

accuracy and could not be quantified. Plots of CD vs CL and

2CD vs CL presented in Figs D13 through D24 for different sta-

bilizer settings show inconsistent drag differences between

BASIC and ARIA configurations. Based on Reference 1, a drag

increase due to the ARIA radome on the order of 6% was anti--

cipated. Thus, based on a model drag of .6 pounds (C ofD
.033), a A drag on the order of .036 pounds (ACd on the order
of .002) .as ..... rg of ter d

-a -• ....... Bused or, theory, thils -.............

should be independent of stabilizer setting and remain essen.-

tia].ly constant over the linear range of the CD vs C2 dragL

polar. Test results were inconsistent with this theory.

This inconsistency was attributed to low model drag

20
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below .5 CL. This apparently resulted in data inaccuracies

S"" greater than the drag change due to the ARIA radome and

greater than the reading accuracy of the drag scale (.01

pound) Data scatter was significantly reduced at high CL

where model drag was on the order of four pounds. The signi-

ficant scatter in the drag data at low force levels can

reasonably be attributed to friction within the long wire

"and pulley system connecting the model with the drag scale.

In addition, a small variation in the longitudinal position

of the center of rotation would produce a large percentage

*• change in low level drag.
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"VI. Directional Testinq

Directional Test Procedure

With the model mounted for longitudinal testing, it was

not possible to measure sideforce or yawing moment. There-

fore, in order to accomplish directional testing, it was

necessary to extensively modify the model/tunnel mounting

arrangement using a tunnel setup developed by M. Skujins and

described in References 2 and 7.

Model directional test mounting is depicted in Figs 14,

15, and 16. A bar was installed in the model, passing through

the fuselage center line at 25% MAC perpendicular to the fuse-

lage longitudinal axis. The ends of the bar were connected

to the front lift wires. In this setup, the front and rear

lift scales measured sideforce and the drag scale still

"measured drag as the model was pivoted about the axis of the

bar. The model was fixed1 at zero angle of attack and the

stabilizer was fixed at zero degrees. Lift, which moved the

7" model off centerline, was countered with a five pound weight

mounted outside the Lunnel and connected to the model through

the. wire/pully arrangement shown in Fig. 14. Wi"n on and

wind off static readings were recorded with the weight on

and off respectively. With the model on centerline, the

resultant force due to the weight was perpendicular to the

lift and drag wires so that wind on lift and drag readings

28ii
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Fig. 15. Sideslip Tunnel Mount
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*. 9Ž

%'4

Fig. 16. Sideslip Tunnel Mount
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required no correction due to the weight. Conversely, the

"*3 weight was removed for wind off data recording to prevent a

component of the five pound weight froim altering the static

readings.

Directional test conditions are noted in Appendix C.

Following tunnel stabilization, data were collected between

-6 degrees (nose down/right) and +6 degrees (nose up/left)

geometric sideslip angle 9g. Data were first collected at

zero degrees ý9, then collected from -6 degrees to +6 degrees

.! in two degree increments by constantly increasing sideslip

angle. Data collhction was then repeated at 4, -4 and 0

* idegrees.

Directional DataAnalysis

Trim points were evaluated from the CN vs 0 plot for

rudder angles with zero yawing moment in the test sideslip

range. Plots of dCN/d3 and dCy/d3 vs 0 (Figs D32, D38, and

•. D41-D47) were generated by differentiating CN vs 0 and C vs

- and represent the continuous slope of the second order

curves fitted through the data.

Directional Test Results

Directional test results are presented in Figs 17 and 18

"and D25-D47.

"The model displayed positive directional static stability

for BASIC and ARIA configurations at all rudder deflections
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throughout the test sideslip range. Data displayed in Figs
D-32 and D-38 show that dCN /d ARIA was not significantly

NNdifferent than dCNid83 BASIC. In addition, data displayed

in Figs D-41 through D-47 show that dCy/d3 ARIA was not

significantly different than dCy/d6 BASIC. Since the anti-

cipated decrease in dCN/dA and increase in dCg/d8 was not

observed, test results indicated that the model ARIA radome

generated very little sideforce, even with sideslip angles

up to the test maximum of -6.25 degrees.
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VII. Conclusions and Recommendations

Conclusions

The model demonstrated positive longitudinal static

stability for BASIC and ARIA configurations at all stabilizer

settings with model angle of attack below stall. As trim,

the ARIA configuration was slightly less stable than BASIC.

AdCM.ndCL was on the order of .03 at -. 2 CLt and .8 CLt and

on the order of .012 to .001 from .2 to .5 CLt.

Below 12 degrees a a higher a was required for ARIA

than BASIC to achieve the same CL. Apparently the higher a

was required to increase wing lift to offset a downloaded

ARIA radome. CL vs a plots for ARIA and BASIC crossed near

12 degrees a indicating an uploaded condition for the ARIA

"radome above 12 degrees a.

The change in drag due to the addition of the ARIA

radowe was anticipated to be on the order of .036 pounds.

This small difference appeared to be less than drag measure-

ment system accuracy, and could not be quantified.

Tlie model displayed positive directional static sta--

bili-y f -r.C an, AIA configuration at test sideslip

angles from -6.24 to +5.77 degrees. Directional static sta-

bility did not change significantly due to addition of the

ARIA radome.

Although the model was relatively small, good moment

36

1.2,



and lift results were obtained. However, the drag data in

the a range below seven degrees was erratic. This was pro-

bably due to the small drag force (on the order of .6 pounds)

generated by the model relative to the accuracy of the drag

measurement system.

Recommendations

A. To determine drag due to the ARIA radome, a larger

model must be used.

B. Data collection should be concentrated at low angle

of attack and with stabilizer angles between -6 and +2

degrees.

C. if model size will permit, the variable stabilizer

should be designed with one degree pin increments between

-6 and +2 degrees.

Recommendations B and C will produce more trim lift,

trim drag, and trim moment data. Stabilizer angles between

-6 and 2 degrees will provide more trim data at positive

lift coefficients below stall.

'4
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APPENDIX A

Data Reduction

The data were reduced on the AFIT Harris 500 computer

and plotted using the ASD Cyber computer and subprograms

written by CALCOMP Corporatior.. Wind tunnel boundary cor-

rections were applied following the method of Chapter Six

in Reference 6.

Longitudinal data reduction outline is as follows:

a. Correct measured drag for horizontal buoyancy and
"wire drag.

Du = Dm + 6 Db - Dwire

and

C Du /QUS
:" and Du u Du/u

b. Compute uncorrected total lift coefficient (CLu).

Lu =L + FL

C:u Lu/QuS

c. Compute solid blocking (esb).

1.5E ssbw Ki TIw (WENG VOLUME)/C

-sbB K3 Tlf (BODY VOLUME)/CI 5

! sb = sbw sbB

"39
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d. Compute wake blocking (E~)

Ewb = S CDo/2C + 2.5 S/C (CD Ci- CDO

e. Compute total blocking (c).

Esb +wb

f. Correct lift coefficient.

CL C (1 -20)- L Au a)

where

Aa=6 SICC 57.3Lu

g. Correct a.

C& 01 + A cx + -[2) -FLOW ANGULARITY

b,. Compute uncor'rected moment coefficient about 25%~
MAC.

i. Correct moment coefficient.

CM CM (1 -2c) + (.25 T2 Aa a)

j. Correct drag coefficient.

CD = Du(l -2)-Cdw- 6Db +(s/ CL)

where

6C = (1 T (WIN VOLME)5
Dil w Dui

6 1.5
-~

6 CDb K ( Tf (BODY VOLUME) CDO/'C
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Directional data reduction was essentially the same

except measured drag was also corrected for drag due to the

sideforce bar and lift data was sideforce data.

Due to inhe:,ent flow irregularities, wind tunnel air-

flow is generally not perfectly straight. Rather, there are

generally regions of upwash and downwash within the tunnel.

From test sideforce results, a downwash angle was determined

as the geometric sideslip angle which resulted in zero side-

force. A downwash correction of .76 degrees for BASIC and

.24 degrees for- ARIA was used to correct the geometric angle

of attack/sideslip.

The system of equations generated by the least square

data fit routine was solved on the computer using the FORTRAN

code in Appendix C of Reference 8.
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APPENDIX B

Accuracv

Throughout the model/tunnel setup and testing operation

great care was taken to minimize the errors.

Model measurement was accomplished with the model posi.-

tioned above a steel surface plate which served as a refer-

ence for a Starrett height gauge, accurate to within 1/].000

of an inch. The surface plate and the model were each

leveled to within one minute of arc.

A Bausch and Lomb positioning telescope was used to

establish a constant model pitch/yaw pivot axis reference.

Following tunnel speed stabilization and model angle of

incidence reset, the front lift wire attach point was re-

aligned with the scope cross hairs.

Geometric angle of attack/sideslip was calibrated to

*i within three minutes of arc by referencing the tunnel in-

stalled mechanical counter to an inclinometer positioned

on the model. By always approaching mechanical counter

readings in the calibrated direction the effect of gear

backlash/slippage was minimized and model incidence was

accurate to within six minutes of arc during testing.

4 The springless wind tunnel scales ;-rere preloaded to

* keep them in their linear range. Rear lift and drag scales

were graduated in .02 pound increments and had a reading

accuracy within .01 pound. The front lift scale was

42



graduated in .05 pound increments and had a reading accuracy

within .02 pounds.

Tunnel dynamic pressure was measured on a micromanometer

graduated in .001 inch of water increments. Dynamic pressure

was maintained within .01 inch of water during data recording.

Multiple readings were recorded at each test point, both

wind on and wind off. The readings were averaged to reduce

data scatter.

.4
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APPENDIX C

Test Conditions

DYNAMIC PRESSURE 60 PSF
AVERAGE VELOCITY 232.5 FT/SEC

AVERAGE Re=303000 (Based on MAC = .2269 feet)

RUN STABILIZER RUDDER CONFIGURATION TUNNEL MOUNT

ANGLE( 0 ) ANGLE(o)

1 0.0 0.0 BASIC LONGITUDINAL

2 2.0 0.0 BASIC LONGITUDINAL

3 4.0 0.0 BASIC LONGITUDINAL

4 6.0 0.0 BASIC LONGITUDINAL

5 7.0 0.0 BASIC LONGITUDINAL

6 0.0 0.0 BASIC LONGITUDINAL

7 -2.0 0.0 BASIC LONGITUDINAL

8 -6.0 0.0 BASIC LONGITUDINAL

9 -10.0 0.0 BASIC LONGITUDINAL

10 0.0 0.0 ARIA LONGITUDINAL

11 4.0 0.0 ARIA LONGITUDINAL

12 7.0 0.0 ARIA LONGITUDINAL

13 -2.0 0.0 ARIA LONGITUDINAL

14 -6.0 0.0 ARIA LONGITUDINAL

14 -0.0 0.0 ARIA LONGITUDINAL

16 0.0 0.0 ARIA LONGITUDINAL

17 -2.0 0.0 BASIC LONGITUDINAL

18 0.0 0.0 BASIC SIDESLIP

19 0.0 5.0 BASIC SIDESLIP
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- RUN STABILIZER RUDDER CONFIGURATION TUNNEL MOUNT
ANGLE(0 ) ANGLE(0 )

K 20 0.0 -5.0 BASIC SIDESLIP
21 0.0 -15.0 BASIC SIDESLIP

.2 0.0 -5.0 BASIC SIDESLIP

22 0.0 25.0 BASIC SIDESLIP

23 0.0 25.0 BASIC SIDESLIP

24 0.0 25.0 BASIC SIDESLIP
25 0.0 20.0 BASIC SIDESLIP

27 0.0 0.0 ARIA SiDESLIP

28 0.0 -5.0 ARIA SIDESLIP

29 0.0 -15.0 ARIA SIDESLIP

30 0.0 -25.0 ARIA SIDESLIP

31 0.0 5.0 ARIA SIDESLIP

32 0.0 15.0 ARIA SIDESLIP

33 0.0 25.0 ARIA SIDESLIP

34 0.0 0.0 ARIA SIDESLIP

35 0.0 0.0 BASIC SIDESLIP
36 0.0 5.0 BASIC SIDESLIP

37 0.0 -25.0 BASIC SIDESLIP

38 0.0 15.0 BASIC SIDESLIP

39 0.0 5.0 BASIC SIDESLIP

40 0.0 -5.0 BASIC SIDESLIP
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APPENDIX D

Graphical Test Results
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Fig. D-25. CD vs 03, Rudder 0.0 Degrees
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ElBRSIC CONFIGURRT.ION
(D RRIR CONFIGURRVION

0~
0

CD)

0-7.00 *-4.00 -1.00 2.00 5.00 8.00
BEIR

RUDDER 5.0 DEGREES

Fig. D-26. C D vs 3,Rudder 5.0 Degrees
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Efl B-RSIC CONFICURRTION
CD RR IR CONF[GJRIRTION

I--

A R
---- 73

-700..0 -0 20;-.0 80
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E] BRSIC CONF.IGURRTION
.0 ART. CONFIGURRTION

LOto

C9CD

CC

CD

-7.00 -4.00 -1.00 2.00 5.00 8.00
BETR

RUDDER r25.0 D~EGREES

Fig. D-28. C D vs 3,Rudder 25.0 Degrees
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[l BRSIC CONFIOURRTION
.0 RRIR CONFIGURRTION

C)j

LU
0

0

-7.00 -4.00 -1.00 2.00 5.00 8.00
BETA

RUDDER -5.0 DEGREES

Fig. D-29. CD vs B, Rudder -5.0 Degrees
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CD BRSIC CONFIGQRRTION
0 .RRIR CCINFIGURRTION

C)

c-7. 00 -4. 00 -1 .00 2'.00 5.00 8i.00
LBEITR

R UDDEIR -15.0 DEGREES

Fig. D-30. CD vs ~,Rudder -15.0 Degrees
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:1!

ED BRSIC CONFIGLIRRT[ON
0 RRIA CONFIGURRT[ON

Lo

"C- - C

R.5.

0

| I 01

Fig. D-31. CD vs ,Rudder-25.0 Degrees
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C)

-- ] BRSIC CONFIGURRTION
RRIR CONFIGURRTION

L] TRIM POINT

0

C3;

ii
C:3

C--

!€11~C " II

-8: _.0O0 -4, O0 0.0O0 4.0O0 8.O00

•-,RUDDER 0.0 DEGREES

k"

•:, Fig. D-32. dCN/d6 vs 8, Rudder 0.0 Degrees
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Lr•

C)

S-- BRSIC CONFIGURRTION
- -- RRIR CONFIGURRTION

ED [ TRIM POINT

0

0

CE

,C.

CD *00 -4.0 00 .0 80

i-> CDm

BETA

*RUDDER 5.0 DEGREES

Fig. D-33. dC•/dO vs 0, Rudder 5.0 Degrees
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BASIC CONFIGURATION

- - R RIA CONFIGURATION

C-

CD v

IN,

z

. . .

0

C .-. I'--

t-.00 -4.00 0.00 4.00 8.00
BETA

*RUDOER 15.0 DEGREES

Fig. D-.34. dCN/f s~ Rudder 15.0 Degrees
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LI)

BRSIC CONFIGURRTION1 RRIR CONFIGURRTLON

0*

C3

-- \

I-.\

LLJ c%j

0 \0

CD

o

C:-8 00 -4.00 0.00 4.00 8.00

BP :T

:4 RUDDER 25.0 OEGREES

Fig. D-35. dC /dý vs 8, Rudder 25.0 Degrees
N
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C)

o" BRSIC CONFIGURATION
-RIA CONFIGURRTION

•, TRIM POINT

_-q

cc*

LLJ c~j

ilLCI om

0

0

8.00 -4.00 0.00 4. 00 8.00

BETR

RUDDER -5.0 DEGREES

Fig. D-36. dC /Id vs a, Rudder -5.0 Degrees
N
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II

LO,

S5BRSIC CONFIGURRTION
ARIR CONFIDURRTION

•0

- oe
U-

" /-
I e| IoI

(C)

18.00 -4.00 0.00 4.00 8.00

BETR

RUDDER -15.0 DEGREES

Fig. D-37. dCN/dB vs $, Rudder -15.0 Degrees
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Lo
0

0- BRSIC CONFIGURRTION
ARIR CONFIGURRTION

0

CDM
_oo

C40

U~i

z

L)

c•-8.0DDE -425 .0 4.E0GRE8ES

Fig. D--38. dCN/dý vs 6,Rudder -25.0 Degrees
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.RUDDER RNGLE (DEGREES)

+ +-25
~-is

X -5
Ew 0'
0 5

A~ 15
+ 25

In

C-.-

c.o

' I

-7.00 -4.00 -1.00 2.00 5.00 8,00
BETR

BISIC CONFIGURFTION

"Fig. D-39. Cy vs •, BASIC Configuration
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Ii

"- RUDDER RNGLE fDEGREES)

+ -25
S-15
x -5
In 0

Cl 5' • 15•

+ 25

0

CC
L)0

11,

C)

CD

-7.00 -4.00 -1.00 2.00 5.00 -.00
-ETR1

RRIR CONFIGURRTION

Fig. D-40. Cy vs L, BASIC Configuration
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BRSIC CONFIGURRTION

SRARIA CONFIGURRTION

C=)

cc-

U-D

.m

00

,~0

0

C)

-. 0 -4.00 0.00 4.00 8.00
B E T R

R UD D ER 0.0 DEGREES

Fig. D-41. dC./d6 vs Rudder 0.0 Degrees
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6- BASIC CONFIGURATION
- -- ARIA CONFIGURATION

C)

c-4

CJ

co.
0N

LU

co
C)

0N

-. 8.00 -4 0 .0 . 08 0

_! -¢. :- N

g. 2 v.0

-8o

oI' II .I

-- '- -. BETA

*. RUDDER 5.0 DEGREES

•:'•'-:.Fig. D-42. dCy/d6 vs p, Rudder 5.0 Degrees
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m

CD BRSIC CONFLGURRTION
--- RRIR CONFIGURRTION

-

• ,.....1CC

I.I

m\

I--

c-8,00 -4.00 0.00 4.00 8.00

BETA

RUDDER 15.0 DEGREES

Fig. D-43. dCy/d3 vs 3, Rudder 15.0 Degrees
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00

.°- BRSIC CONFIGURRTION
-- RRIR CONFIGURPTION

c'IJ

03 ocn

0

00

0

08.00 -4.00 0. c0 4.00 8.00

BF.TR

RUDDER 25.0 DEGREES

Fig. D-44. dC /dý vs fRudder 25.0 DegreesilyI
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BASIC CONFIGURATION0

RRIR CONFIGURATION

Cý--

CD

CCJ
.-- 0

L- -

0

0
'-8.00 -4.00 0100 4.00 8.00

BETH

I..

RUDDER -5.0 DEGREES

Fig. D-45. dCy/d( vs (, Rudder -5.0 Degrees
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. -BASIC CONFIGURATION
A RARIR CONFIGURATION

'L °o

C)

C

c- -

i-" -

L..

C3

Co.

5tI I II

,,-8 00 -4.00 0 .00 4 .00 8 00
BETA

-d RUDDER -15.0 DEGREES

Fig. D-46. dCy/dO vs 1, Rudder -15.0 Degrees
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0- BRSIC CONFLGURRT ION
RRIR CONFIGURRTION

CD

o

/

/.

-0C

Fi. - 47 /Cýv udr 2. ere

. /

N /y

A/

9/

(6).'

j•* ,

6" : /

.- =q <8.0 -. 00 .004.008.0
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•-:. Fig. D-47. d~/d vs ,Ru e -5. gr s
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APPENDIX E

Tabular Test Results

This Appendix contains computer listings from the data

reduction programs. Included are the polynomial coefficients

corresponding to the appropriate least square data fit. The

polynomials are of the following form:

y = Al + A2X + A3X 2 +- -------- + ANXN-

LIST OF SYMBOLS

Computer Symbol Thesis Symbol

AOA

CD CD

CL CL

CL**2 Cj

"CLALPHA CLU

CM CM

CMALPHA CM

CMCL CMcL

HN b

BETA

CN CN

CNBETA dCN/di

CY Cy

CYBETA dCy/da
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STABILIZER 7.0 ,EGPEFF. P RU'DCPF P 0.0 )EGPEES

B3ASIC Cli,' F T .iIt, IC:,

ACA C( C:" rL**-

-/4. 70 -,1.069 -• I F0 0;'. t)~r 3,5
-2.7b -0.12 -n. 13 0. n 27
-0.7'4 -0.169 C. 1. 0. -. P,

1 ,2ý - h.203 0 .3("P 0,O29,, •
3.30 -). 2 3 2 C.fn3. '
5.32 -0.260 0.• O.o, 0.33'; A
7.33 -0.?Q6 C-'707 0.07a 0
q,35 -0.290 C.'23 0.117 0

10.36 -0. ?)7 A A ,) O. I 3B 0. 7r,,.
1 1.36 -0.306 Q .Q13 D. 157
12.37 -0.30) 0.QCu 0.IP6
13,37 -0.319 0.Q66 0.221It4.37 -n 338 O g 0.241 (. 7•
15.37 -0.3t,2 C .. 0 .272 "I.n ,• -
16.37 -0,376 1 .0" 0.300 1 In _-
17,37 -0.376 0.Q 3 0.321 .

LEAST S,,Uký-F [),TA FIT
CL, CO, VS tOo, CRUEO 5
C V t.Ot., OPPF'F 3

AOA C r C,o CL:L*)

"- 2 . 7 6 - 11 . 1 2 S "( ( 1 e . 2 6n • ,
-(1,74 -0. 171 ).14 7 1• 2h IS.,

1 .•-11.206 0 'n .n o : , ,•=

5.3? -0.23 * , .
7.33 -0 .?7D "711 1.r,7 9

10.36 f..o5 f.•,67 0.1 76 ' );11.36 -f0°305 ,O.lr F .131 A-n 5
12.37 -0.315 . r-3 n. . -

13.37 -0.326 0 'r7n 0.216 "'A-iIli , 37 - .3 o 4 .0oc . u5n .'c
15.37 -0.355 . . 0.273
16.37 0.or.o 1 . C. ':, 1.':'
17.37 0.000 . .c - r0 32

95

Ij



LEAT SfJLIARF. P-)LYNOe-AIAL COEFFICILN1S

COEF C /A C-A CL/A(-'A CE0/AA C-ýLPHA/AfjA Cl "ý L HA/A(,P,

Al~~~~~~~ E0I5EO 1.OE+f .?301 '78F -(-I

A 2 -0.50tE-PI .7?~j C.769E"' 4 7.)E;O 2G2 4I2*F-2

1,3 C AI # ~ ' 121 02 0 F1 E-0

A -0.50of32' PEC o51E0 I G

3.309 0.0115 0 OM45

-0.33 -0.0Ol& O.kI783
9.35 -0,0108 0 606i5
3,0.3 -0.0115 P 0705~3

12.33 -0.0108 0.0309

13.37 -0.0123 (1,0234J
14~.37 -0.01S40 010151
15,37 -0.0161 0.0062
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LE.AST SCIjAPF r-TA FIT

CL VS C', ?',C r"MI-,F
•L vS CL, 5TH 0,?IFP
CL i S C , 2 f": .•r ER
C L V-5 rt**?, 11I r.pl)FR

CL Cr, CL**2 C

""-0.3 -0 13~0.140 1&.2 P
0 0.30c, -C.?n"3 C.026 C.0q ().339

: OZ a0.2 . ' ,0,500 C-71: 0,5 3 -0 ?57 " j.c) 7 "..1 •. n 0.., o.

0.707 - 2.2,77 "-..97? C.072 P .000 t, ,or0.823 -P . ?9,4 • 105 C, 0o o 01,000 0 0 C,(:
0. 66• -131 c'• ". 0• G 0 0 1.000 0.000
0.913 - .".'. v.167 0.000 01000 n0 00
01 q. -0.3.nQ 0,197 C .O00 0.000 , O
0.966 0.31? .231 lOorn (.000 .nO0
09989 . OC ('.7 C..00 n 0.000 1
10002 2. c %0 0.000 p.000 .0 0
1.00? '.(•? 1 0.000 pO0O r 0 "0

0 9 ". 0C 0 .?73 00.00 (;. 0 c 0

LP.Lf"'r'IAL COE'FFICTEIWTS

COEF I'I'CL C)!CL CU*/CL CC/CL**2

Al -P.I?AF1,Fw - n".oqE-O, 0.233E-01 I.IqSE-01
AI -0.'7?L.") -0 Zt-+(0 -+•, 95F- 1 0,0 E÷+r,

A6 '.* "'e •.,( ~."''F.?F(, , .o')ES+L1 '.c(O-"+t'1

CL C+.CL

-0j,13 8 ';.?3 7Ij.5=-

0.309 -0 22('6 ,T,.

4,J1 3 -0.143 7 t _ I 7

CL - . r L

0.309O - 02?r ,
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:-" STABILIZER 7.0 DEGkEFS RbDLiD)E 0.0 DEGPEES

SARIA CO 4FIG,'PATT,0N

C L- crr. CL * A*

""" -7 0 C57 -0 2 n :- •31,
2,2 .- 0. 138 -0, 1?'1 0.02q 0.1n n. -n22 -C, 153 (. 0.029 t,
1,.0 . ,1n 0.037 , e
3.52 -C .?13 0 413 j 15 1,
5.84 ;.l34 0,5u7 0 O'm 1 0.322
7.5 -0.7C1 0,077 0,1191
9,87 -0.277 01131/4 0,117 0.,63

1I0.8 -0,;80 0,.A6 0,138 0,75n
18 00.909 0,1IS6 27

12 12,e9 -0.2q2 .435 o 4.,
13,89 -0.307 0.97a 0,216 O,gq
14.39 -n, 3?_24 0, 948 0,239 0,975

--0-. • nr-69 1o012
1 6 ,9 0 - 0 ,3 5 1 ., I Q 0 ,3 0 1 1 0 301

17,8? -08313 O,9 6 0,311 0.973

LEAST SQUAPE DATA FIT
CLC• co Vs ACIA, ORDER S
C" VS ACIA, ~~E

C lf' CL C ?

-,.27 -' -n2.? 0.031 e.
002•'".o" .• "^ .)') " . ,ih. 3, 2 1. ,

- . I. Q 7 . ,0.037 r
3.2 -3. P. 3 n ,3? ,.I '7

5 , F Pli 3 7 0 r590.3
7 7.P5 -n,2.0 . 6 a 0.081
.Q,-7 0.277 1 ,.1).

-- I I ,8e -O,?.q6 r),906 O 5 , R
i• 12,9 -0.3An7 '36 Cie•e 15 Okio

13.• -o.p 4. T Q, 4/ •, 7
__16 1a 8 - . 39 O, ga (•24 3 0 9k•:

•-,.I%,• -• 35 1 1, o 'O s,). 70 ,,•1

7__-e.. 313
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LE4ST SJL j E POLYNO'1-I A.L COEFF IL IE .,TS

COEF~ CY',ACA CL /A rýA Cr, InM'A C:'-bL P?-A/ A('A C L .L L 64A'
•--•Al -O.5B~E+0O O. 150,F-o, o.•iL, -c -0.1eP_-O1• r .77M.€.-.1

•.•.~~~ 2E '-- .. B -1 0,q 771 •-0.1 P n 7 1EF- 02 %P2u7E-'j2 o p'OE C?
"'3 0 123E-'.)2 -. InS-•:; 0.?bE-C? . -G03 -cc. r.b7?- Rc7

A4 -0.512F-n a 0.57?F.-.,-I• -C-.22•,,O4 n o00C-+(,I -c,.• Sv- .
A5 0.000•.01 -Fn, +. 2•qE-Ec q . 10.3E-' n.O3cE+O - "
Ab6 0.O)0EE+01 P. 6 6 -C.7 -n.35E-0'6 C00LE oI DE+ 0" Gf0-+U1

-0A CMALPHA CL ALPH.

-4.27 "0.0315 0,0915
----- ,2 "0,.O ?

-0.01 ~ 0 , 077E
1,8o -0.0143 0,071O
3.82 -0.0110 0.0706

7,85 -0.0083 0.0605
9.87 -0.0088 0,0521

10.88 -0.0095 0o0(J66
log5 -0.0105 . 1106

012.P9 o.0119 0.0335
.13.89 -0,0135 0.0253

-14,89 0,0155 0.fP16J
15.89 -0,0177 0.0'158
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LEAST U;ti F L[A.TA FIT TVi
CL VS CN, 2;ýb oqnE-
CL VS CC, STH. 0R~r
CL VS C:)*, 2Pr. :.'rER
CD V S CL**2, 1ST CiD'OFP

CL c r Cf.* L**2

-0.0214 -0~i 1.r3 1~2~ 0 3

-0.290 0.091 3 .0337 ., r.oc,
C..0.0 .I )0.71 . ,. r1 7 P

-0.2 6Q 0.0n C7 7 1 •r 7. ,7

0. lib -0.295 0.136 C. 007 .O c
0,90. -. 230 0.16, 0.o0o 0.0(0 0C. 00-
(.93S -0.305 0.11 C.I0 0.0(I0 .-
0.974 -0.310 0.23b C.000 (00 0(). 9 p 0.000 0.,2 C- , 0.000- c.0. 0 r .0 f,'010006 0.000 0.281 0. 000 0 C.00 0

1.019 0.c00 0.313 (b. 00 .0o0 1.(100
0.986b 0.0( 0.?r2 C .00o 0"0O

PCLYN.%"IAL COEFFICIENIS

CUFF Cw/CL CV/CL CC*/CL C[)/CL**2

AI -0.12,;F+00 0.2QAE- P 0.277E-61 0.276E.-O
'.2 -0.?L,5E+00 -0. 55E-n1 0.28L4E-r2 0.102;+('0_A .3 G . . 5 E - c I +. I E r n a 7 0 E - 0 1 P . o , • + ,
41J O. 00 E 4C' 1 .. 4 n.C 0 P .') .( 0 O.+ 1. l

CL. C CL

-0,206 -0.24b74O7P.
-0.0214 -0.2479 .o(
0.125 -0.231i f,.LP 1
0.290 -0.212L4 ,0 z&?-
0.431 -0.I9t,5 0 v 15
0.567 -0.1P .•7.1'

0.701 -0.1660 ,
4 -0.1532 l.ea3e0 ,,~ ~ /17 -- 4QT A c - -

0.909 -'.;••.3'P

0 97 ' -C . 'o5 ,

100
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• I
STABILIZER 4,0 DEGRPES cUzD E 0.0 DEGREES

,ASIC C0F"IGUPATTOA"

C"9&E.CTEP P17TA

AOA D'AC:) cL **,

-. '..-4 79 1.018 -r .230 .
-2.77 -0.029 5 0,027 n, n
:0.75 -0..91 I.07 C.0214

1.2, -0.143 -.?7o f. o3,J C.07,
3.30 -. 1 69 0.o33 I 7r

5.31 o. "8 1.555 0.QO o.30 k
7.33 -0.202 r. 677 7. 06 . 4
9.35 -0,229 0.7Q4 0.108 0.631

"10.35 -0.234 0.P1F/7 C• 30
"11.36 -0.231 0,.&F-6 . 7PS
12.36 -0.237 n.QJ7 '%.b, n .1 7r.
j3.37 -0.254 0.q39 0.?07 C.Es1
1 t. 37 -0.272 0.9e-? 0,231 0.021,
15.37 -0.291 0. 9 76 (.262 0.951
16.37 0.321 0.;p6 0.2?4 0.972
17.37 -0.309 0 . 0 n .35 O.0o

LEAST S',,APE DATA FIT
CLo CD 4S A04t ORDER 5
C:1 V, A0P., rPDEQ 3

AC A CC C L

-4.79 0.027 r..03I31 (.c
-2.77 O0.0 ti3 -A. (. r'., 6 3

•:•::.1 . 28 r). 36 P h 2,,•r , 1 7 1,

"-"3,30 -0. I f,5 r 1 . 38 P. I7r.

7.33 -0.805 7. ,.O,0

9.35 -0.220 ).7Qa 0.1,?
10.35 -0.2?A • 1 f.)24

1236 -0.237 C~0 .1 4  .777
-• 12.3 6 -0.247 .. i75

13.37 -0.25A r ,, C..
10.37 -0.270 A .. ?3C; .'0-.

15.37 -0.2ý5 7 ,.2 y^7k
16.37 . CG 0 3
17.37 0.000- C I: n.3, C)
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7 RT C0C IOLT I C-!..S

A CA C~m C L c D Dt D r CL /IJA )iAL

-.4 .07 1.3'1E7Oo, CU1r75C4OPF7

COE A.~15.J<PlYr~.J~CEICF~

COEF CP/flA L I~t.C'/AOA CriALOHA/AC,ý CLALI-'L 1/~~

Al-0llF+ 0 .171E+00 O.?&S4E-O1 -0,205E.-01 Cn.75ý(E-01

A43 n .I 8E -0? ~C5 3 3  .2 1qE -(-3 -0.I72E-C-1 0.35~
A 4 -0.574E--04 0 11 8E-09 10.1ooE-C'4s 10 E + OE 1 -c..lq6E-04.
A5 0OQOE+01 -0.1189[-05 O.q7qE-o5 O.OOOL+ol 0,53PF-Ok
A6 0.OOOE+01 0.10PE-OhS -0.'417E-06 0olOOE+01 AOO.(E~+0l

AOA CAALPHA CLALPHA

-LI.79 -0.038b 0.oqo;
-2.77 -0,0300 0.0814'

1,26 -0.0170 O.n7h2
3.30 -0.0126 0,0717
5.31 -0.O.0q6 0.066~1
7.33 -0.0080 0,05t7
Q,35 -0.0078 0.04P03

11.36 -0.0090 C.0377

13.37 -0.016 , i -
14 .37 -oI ,0131J 0.01
15.37 -0.0196 1 bf q
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LEAST SGU-PE DAT7 FiT

CL VS C", 2,:n oRrEp
CL VS CLV, 5TH ORDEP
CL VS CD*, 2ND nP"PRCD vS CL**S , 1ST ORfDE

CL C, CP CD* CL**2 C2

"-0.230 0.020 u.3 '.0 .n I C.
-0.OS6 -0.039 0.031 (.0_h C,.(7F
0,107 -0.086 0.021 C.026 '-.175
0.279 -0.133 3.029 0.C31 E.30.
0.ii t19 -0.165 C.o0a 3 0.039 0.L. ".
0.555 -0.191 0. 05c ; .Dn 0.00 5
0.677 -0.211 0. C.65 n.0 61, 1,o00( , ,0
0,79'4 L0.227 0.093 0.000 0.OOC ;,O0
O,8U7 -0.233 0.121 O1OO 0.000 r.p':
0.886 -0.237 0.151 o.0n0 0.000
00917 -0,2ba0 0.1$3 0.D00 ,r.0n0000
0,939 -0.24? 0.211 0.000 0.0000
0,962 0.000 0.2147 0.000 0.000
0.976 0,000 0.271 (.OD 0.•000 ro
0,986 0.000 O.2'9 O.oo0 0,000 r .o00
O.980 0.000 0.277 0.000 u'.OO .

TRIM CO0t'DI1TJN

CL Cm CD C"CL

-0.172 -0.32E-11 .029 GO?9 87

P LLY'l" T L C:CEFFT C'Er'TS

COEF CC./CL C;_*/CL CD/CL**2

AI -0.566E-01 .. C% 1S - 0 .25E-0J • .?L5t 1A 2 -0.308E400 8 o2 S'-ý' •r•(? np2, I A l2
A3 0.11E.E00 E.20' *'.r O.27oK-ui +.9(OEla!
At4 0.O00E.01 0.122•+'1 O.v)00r+£.I n .O.LdF +01

A5 COOOE+01 -0.339E+01 0.00I+01 r.) 0 401

•6 O.O00E~n 0E+ 1 .233+,1 '.000'÷+0 .00Oe-oI
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CL CMCL H i-

-0.230 -0.3622 0.6122
-0.056 -0.3214 0,571-4

0.107 -0.2p31 0.53311
0.279 -0.22aJ 0.14Q24

,9 0 5 7
0.555 -0,1776 0,4276
0,677 -0, 1i!' 11 " ,0,7q4 -O,1?13 0.3711
0,8147 -0 108A 0,35 .
0,586 -0,A997 0,3i1 q70 .' 17 -0 .0 '925 n x p -
01939 -0,AA73 0.3373

104

S. -

104--



STAbILIZER 1. rEGRF ES PLrDER 00 D)EGREES
A'ACr'fFI11~PATIfiN

nPkZECIE rATiA

AOA c DL CLL)

-4.27 -0.227 0.037 0.051

-2.23 -0.3 N455 0.Ob3C'.i4

7,17 1(.0 0.26T 0.039

0 p~ -0.23 0.675 0.068 0 ii3b

10.67 -0.221 U30 0.137 C.7!
11.88 0 . PL'13 AlS7 0.152 0.787

0.184 O.P.53
13,89 -0.55 .'s 0.213 C0883
14.89 -n .?70 0.965 0.244 o.93l
15.89 -CO1(.~ .?70 0&'. ;7'

17.89 -0.?b0 0.9b9 0.3, q.314

LEAS7 Se~i'!ArE PATA FIT
CL, CD VS AOA, nRDER 5
C'" %S 4ACA cprIFR 3

AOA C' r t. c D

-1I*P7 ?'I -027 0.( 138
-2.25 -P.¶ ~ -. 054 I.C32

3.82 -011'.~0 .!/4 2 .17 6
5 1 e3 -C 190 6r.9F)7 0l,055 0'3f
7.85 -0.206-.~ 0,077 464b'

9.67 0.???0.700.6.11
10.37 e-" 1'9 0.33I

218 -. 4C r 8 PF3 0.15 0.7 8
*12 A 8 -0?? '.?c 0 r, 11

13.e9 C.951 .1.

158 09h0. 7 1 0 . )7 3
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Tk 1IM CO" 1)1T I OrS

ACIA CILc D 0 DC",/[A L PHA DC.U/D A LPt-i A

-4 Di4z -0 13F-Oet-) Ž( 0.037 -~360OY

LEAS',i S'!rM;F P,!I. YkW''I AL C1,?FFTCIFN7vS

COEF CPV/AUt~ CL/tC(A Cr./Art~ Ci-;ALPHA/AO$% Cl 61 PLH4'~/tl.

A1 -0 .1I3E~f0 0. 132E.ýP Ci .3?OE-0 I -0.?OIIE-01 i^.,O?E-cl

42 -0.204E-01 C.802E-C1 CPq¶55r-03 0.3?1IE-02 -0.223E-O"

Au -O.bb5E-04 -0 . a37E -0U -0.607f--05 OOOOE+01 .13 1E-n Ll
AS 0.000E+01 0.328E-11,5 C.78E~-os )O*ODOE+01 -O~q2i3E-06
Ab 0,00CE-t01 -0.186E-06. -0.319E-06 C.O00E4.01 0.000F+0I

AOA CMALPHA CLALPHA

mn~o27 -0.0377 0 .6861
-2,25 -0,02860 ýua

0-0.23 -0.0211 n.10

3.e2 -0.0110 000
5.03 -0,0085 0 .0bJM
7.85 -0.0075 008

9.7 -0.0082 n.O0504
10.87 - 0 . 00Q 1
11.88 -0.014 .OLOL
12988 -6f.0122 3:

13. 8 Q -0.014J3 V0?f

15.A9 -010198
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LEAST SC.U.QF DTA FIT

_ .L VS Ct, , 2ý:' ORDER
CL. VS CD, 5TH nPDF• ;
CL VS Cr)*, 2i,.D ýRr"ER
CD VS CL**2, 1ST )P.ER

CL CC CP* CL**2 Cr:

-0.227 00001 O.077 0.03 0.011."
-0.051 -0.051 0.03o 0.031 0. OF;, r it

0 104 -. 0O97 0..n29 0.030 (.170.,
0,28b -0.11 0(,035 0.036 0.310 n, St
0.613 -0,1b9 0./Aia 0,n 3 0.456 n. r 73
0,556 -C.1o5 0.05f 0 .05h 0.0O0 0.or)
0.675 -0.21S i. 07?. 0.070 ,OO.
0.7q9 -0.23? 0.111 0.000 'or.000

O.b4O -0.237 0.133 3.03n 0.000 0°00•

0.887 -0.242 0.167 0.000 0.000 0.0on
Oq24 -0.246 2.2n2 0.000 0.000 0.00(
0.olJo -0."o213 21q 0.000 0000.0
0,965 0.000 0.250 0.000 0.0V 0 0.0C 0
0,986 0,000 0.R2 C,000 0,G00 0 t.00
1.006 0.000 0.31/ 0.000 0.000 0.0l0
0,969 0.000 0.256 0.n00( 01000

POLYNOMIAL COEFFICIENTS

COEF CF:/CL CD/CL CD*,CL CD,/CL**2

Al -0.686E-11 n.31QF-O! A,3nAE-0I 0.276E-01
A2 -0.283E+00 -0.420E-01 -0.11JE-01 0.931E,,o01
A•3 0.98?F-01 (I,,243Eu0 0.1.3E+0.0) 1o.000E+n4
AS4 O.OO0E+01 C.52•e'tnh 0.000F÷Ol (i.~oAE,.Jn1

A5 . 00on0+01 -0.12 Q+ C1 n~on0E÷0i ..000E+n
,£'b 0.o0fnE.t ! 0j~J.+: 'I÷( l ,OO0E,+OI 0.0eriE+!! •

CL C,•Co

"-0.227 -1,3273 0.5773
-0,051 -0.2927 0.5427
0.10, -0,?622 1)51??
0.2Pb -0.260b 0,17 f
0,4113 -0.?Pnl7 (,451 7
0.556 -0.173' 3
0,675 -0.1500 .tj(OC
0,799 -0.12S53 0.'375s

0.887 -0,1085 0.35..5
0.924 -0.1013 0.3511
O.?'4 -n09gp1 f*3Lj1I
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STABILIZER 2.0 DEGREES RUDDER 0.0 DEGREES

F'ASIC Cr.F TGURATTOM

CORPEICTur IATA

AOA Ck CL CI) rL --

.a.79 0.00 Cs.?o 0 .25 CP.06-
-2.77 0,036 cn ii 0.0O21 O -
-0.75 -0.02S 0.o21 0.007

1.27 -0,080 .?7 0.028 0 .Obr
3.29 -0.117 q,. 3qa 0. .32 0.15-5.31 -0 j14• P ,5aO4 0,048 n.2?i•-
7,33 -0.161 0.663 0.061 0,43q
Q.35 -0.173 0.784 0.102 (0615

10.35 -0.186 O.A34 0.120 0.695
11.36 -0.191 0L873 p.142 0.762
13,.192 l.QOd 0.170 0.817

0.203,0 0.206 0.8b64
.1.37 -0.21A 0 .q9b n.232 01895
15.37 -0.242 0,9b1 0,258•,924
16,37 -0.273 9.Q7a 0.290 0o1Q
17.37 -0.261 0.959 0.301 n ql

t EAST 3-WARE DIATA FIT
CL, CD VS AOA, ORDER 5

C; •S AOA, `Pf)El? 3

40A C• L CD C L*Ad

-2,77 n.021 -1.077 O '();11"7O ? 5• 0 3 0 . ¢ 8 C.• 8 A(•
1.7 -0.078 0,q . A0. r27 n•

5.31 "0.137 ,S 20.045 O0 Co

7.33 -0.158 ().670 0. obs

J1,35 -018 n, .120
11.36 -n.l I Q. 20 0.145 . 751
12.36 -T.?01 O.0Ca 0.173 n.A 7
13.36 -0.210 t.)3? 0923iu2

-1.220 (.052 A.?32 3.
15.37 -t.23Ž2 3. b2 0.2h1 ?.?
16.37 0.000 W.4 7 0.• 6
17.37 0.000 c',1 P0.3 03
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TR I " C o0rP I T I r);jS

AOA CC . C r) UCf/DALPhA rCL /L'hLPH.

LEAST 5rfl.Ak; P(LYPO:./TAL CC.FFFICTIr:T5

COEF CM/AOA CL/Ar. A CD//A{0A C"-ALPHA/ACA CL ALPL Hi/A.'.

Al -0.520E-01 0.1i4H8+Oo (39E -Cfl -0 221E-C1 0,79SE-O1•:: ~~ ~~ ~~ ~~~ ,7, -FP1EO -.9:" n. F0 2 0 . 277E-(.2-.13-,
•• ~~~A3 11.138E O02 -r. 71"E-L-i 0.1 2F-01) .- 0.13PE-A.• -• 1 -•

AU -04.59E-04L -0.JO3E-O0 -0,196E-04L O,OOOE+O1 :. 5
A5 OOOOF+01 -0,230E-05 0.I I 9E-04 0 ,iOOOE+"Il n.?Jl E-
A6 O.OOOE+O! 0.428E-07 -0.L9.3E-06 0.000E+1 0.00 nE+01

AOA CMALPHA CLALP.hA

-4.79 -0.0385 0.0817
--2.77 -11.0308 0.0.?7
-0.75 -0.0243 0.0805
" 1,27 -0.0188 0,0775

3.29 -0.01145 0.0732
5,31 -0,Ol117 1,0673
7.33 -0,0092 l,0n596
'.35 -0.0083 0.0498

11,35 -0.0002 0.n3J7J P
-,3b *-0.0opq P,0,1371

13.3b -"1.0097 n.C62381
137 -0.0108 (~ll~

15.37 -0,0121 n, jO7I,

.oj
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.LEAST SrJLIA'PE L.ATA FIT

CL VS C1' 2., 0 DER

CL VS CV, 5TH ODDER
CL vs CD*, ?KC 0•PER
CD VS CL**2, 1ST CRI)FP

CL Ci CD cr* CL**2 c()

-0.295 0.0 86 .24 0 9.02c; 0. :7 .
"-0080 0.0?5 O.C ? 0.0n? .0O ?6.26

0.085 -0.0?9 o.Ole C.0?1 (.159 1,03:
0.257 -0.077 0.024 0.026 0.291 007
0,399 -0.112 0. 03• L.035 C.L39 c.fl

0.663 -0. 163 0.059 0.067 6 .O .
0,784 -0.11f0 0.089 co.o0 U.00 '.000 1
0.834 -0. 17 0.116 0.000 0 .00
0.873 -0.191 O.148 0.000 0.000 • .00-
0. 04 -0.IOU 0.12 0.000 0.000 r.ro
0.930 -0.197 C.?16 09000 0.000 0.000
0.qa9 cOcoc 0.242 0.000 0.000 (o100
0,961 0.000 0.268 0.000 0,000 0.000
O.974 0.000 0.293 0.000 0.000 6.000
0.959 0.000 0.264 0.000 0.000 %.010

0 TRIM CONDITION

CL CO Co NACL

-0.006 -0.21E-II 0.020 -0.3276

PDrLYfCtivIlAt COEFFTIEýJIS

CUEF C"/CL CD/CL CFD*/CL Ci'/CL**2

Al -0.Ip9E- C 1. 1) -01 0.20 E-0 0 .199F-O-
A2 -0.326F+00 -0.692E-01 0.405E-03 o.Q3?E-O0
A3 0126E+00 0.270E+00 0.924E-oi 1 .O00o+oj
A4 0,00F+01. ).988F+00 6.O00E+ol 0.O00E+O0
AS OaO0E+01 -0.323"F+o1 O,nooE+On .OOOnE+01
Ab 0.O00E+01 0.237E+.CI D 0O0oOE+O1 0 .0 1E*O1
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CL C CL

-0.3.078 0,637e
-0, 0 e -C. 3L463 0o.5 '63

O.Oý5 -0.30 4Fid5s p"0121077 -0.2617 (1.5 117
-,p.2?6o r.t,7e-

I; P, r o•7 r , &L ,0 7
0,553~~~~ -0 A •. ,pqP

0,784 -v.,12q? 0.3792
0,83•L -0.1168 0.366P.
(1,873 -0.106o P ,3560
"o•'.90 - 0, 0q q2 C) !4 ?

pIll



STABILIZE9 O.D DEGREES RUDDFR 0.0 DEGREES

S•: IC C t;F I GLJP T I OiJ

•' CIIF:FCTý-, r4TL_.-r•cret. -. TI

SA0A C. CL C CL**?

-IJ.7Q 0 -o.60 0.033
-2.77 0.06? -0.0o0 0O.o
-0.75 .026 ,,O.5 0.005

"1.27 -0. n21 G .?14 (. c35 n.07
3.29 -0.6 r 0. 0.5 7 P.1

* ' 5.31 -0.0,0 . 523 O,0.s 0 271•
7.33 -0.I 0.651 0.4524
9.34 -0.135 0 7n9 1)0o1 0.591

10,35 -0. 8 .P17 0.126 .6?b
_1.3b -0.155 .MSQ 0.1134 0.730
12.36 -. i 9 P .PA7 0. 173 0.7e7
13.36 -0.171 0.Q17 0.205 0*84l

410.37 -0.205 C; 304 0,229 0,872
15,37 -0.213 n,950 0.255 0.903
16.31 -0.216 ,,( n.281 A.j1
17.37 -0.220 0 q36 0 .307 0.P77

LEASI SC'JARE DAYA FIT
CL, CD VS AOA, URDEP 5---- •"C": v. A QI, ,'({f • 3

AnA C! CL ') CL**C

_ :• " . ? 9 0. 1 .7 r P P. 0 ; 3 3 . 0 ;
-2.77 0.0 ? -"., -(1 n.028
-0.75 n2r. e7'a 7. A--- ;.'.: 1.27 ,n , .? •,.0• .n .

3.29 -0. ,.3D 0.037

7.33 -0.11 .C, 0. 29,34 -1.13 767 :n•: 0;o~ 1,

10.35 - 16] 5 A~l, 14IJ 0.0
11.36 -0.157 C.E' 0 B46 0.73?
12.36 -1.it ,'-o1 .. 173 0 7.4
13.36 "0.1:1 f'.°1U P.?01
11.37 -0.193 0.230 0,87715,37 -1 . 2r,7 1.o13, 5 O .'
16e.37 fl.0(, ('.q44, 0. .J.,3o85

17.37 "). c 35 o.n3 5,7
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TF TH CONDITIONS

AOA CM CL CD OCN./DALPHA r J../t)ALI f!,A

0.18 -0.22F-07 0. 1O.6 0C.29 c-.O? 5 7t 7

LEASI SrJLAFE v LYNl/.IAL COE-FF CIEITS

COEF Cl'IAOA CL/AOA CC;/Ac0 A Cr'ALP A/AIjsi CtAl PL*1•b/ I (HA

--1 0.379E-02 0.133E+00 C.?288E-O1 -0.2Cr.E-f)l 0.1qnE-(1
A2 -0.20SF-Ci O. 7qA9-fl 0 111E-02 .0.19CE-,o? -1 OFJ3--C2
b 3 O.q5OF-O3 -.0.7.E-(,. 2t. 7E-03 -C*Q92F-(,4 - C.',o-7--r
A4 -0.317E0O4 -0.302E-04 0,804E-05 0.OOE+01 -0.,C2E,-(:L
AS 0 .O 0OE+ 0 -0..?54E-C5 0.722E-05 0.O00E0+1 0. 1 ?E-O0,
A6 0.OCOE+o1 0.223E-07 -0.332E-0 2,-06 0,0OEOl 0 1 ,(,,+

AOA CP.ALPHA CLALPHA

-L4.79 -0.0321 0.08I9
-2.77 -0.0268 0.0f25
-0.75 -O.b2?3 o.opo0

1,27 -0.018b 0.0770
3.29 -C,0156 0,n730

S5,31 M0.0134 0.06,74
7,33 -0.0120 0.0600
9.34h -0.0114I 0.0503

10.35 -0.011 a OP4IJ5
11.36 -0.0115s 0.03P1
12,3b -0,0119 A*O-3'cO
13.36 -0.0 .2.4. c 2• 3 C.
141,37 -0.0132 ,. Il:Q
15.37 - 0 .C'il. I. 0 ce

1.1

.4.,
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LEAST Sni.iýR r)ArA FIT

CL VS Ck", 2'.r. ORDER
CL VS CrD, 5-Tý r)PDE;
rL VS CD*, 2!%f, ORDER

CL CD CL*C2 C i)

OI 2r 0.013 r*(33 3,Ar3 (.2

9 Q !J Q.5 7

00.69 018 0 Q2 3,0 0.620P.00uF

0.82~ -0.015 0.184 0.c000 0.5f0
0.(913 -0tt ,.Ž 0,00 000

0,6 018 - e. ;000 .0100u 0.0 f0R.0.617 1.007 0.119 0 ,0 00C 0.000

0 F7 -. 159 00 b 0.0'00 0.000 (.0

0 .9 q 4a OPn 0,267~ 0.000 0.000 01000

9 L Ib00 015 0.1E1 ..2 -00.00.0000

TP LYCGVA CONDITION ~ fr

CL /CL cr/D Cr;*CL C/L

A? -0.?1F~n .0.LE,02 -0.?269Ca O&PJE0

05 4'.00n -0.?477F-P -0.?72S+OI 0.nrioE+01

0 0 E + OE.1 0.?OhE4Cýl 1). (i0 0E + 0 ,0 0CE + I

1.14



C L Cf!CL H N

-0,260 -0.32") 0.57 6 9
-o.o0Q -O.303E. o.5536
0.068 -0.2813 0.53 1P
0 .2.iO -0 .2r.5F'2 0.509,2
O,384 -0. E?3,•3 O.:r•

5.$23 -o"?Iq2.

0 .817 -0 17 av O, 28

0. A59 -(0.1730 2.L30
f,. 8e.7 -0.161)1 0.'01,
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"STABILIZER 0.0 DEGREES RUDDER 0,0 DEGREES

ARIA COT•FMIGiPATION

CORRECTEC DATA

A t.A C C D CL

C0. 09 -0.269 C.039 0 .73
"-2:25 006 -0.105 0.:2031-0 P.3 0 tj2 9 0 P5tl 0.027 {, r

1.7c -0.123 ".Ž2P 0,2 p
3.A1 -0.055 i.Ibq , 0.135
5.63 -0.084 1.51? .047 0.262
7.85 -0.120 6• ,62 066 C0.061

"8- -0.129 (.756 0, 103 0957110" •.97 -0.131 n. 80 7 o0.12• 40.651 °

12 .-r -0.1i9 OP7 o, 0,470 0.773
13.85 -0.158 0.905 0,201 na8I
14.83 -0.173 C.. 2b 0.228 0.857
15.89 -0.195 C.?l1 5 0.258" C. 2
16.89 -0,236 0.960 0.290 0.021
17.89 -0.84 Lip9LO 0,303 0,9(14

LEt.ST SQUARE r.ATA FIT
CL, CD VS aAC, ORDER 5
C"M VI Ar)A, (CP[F1 3

AOA C' CL CC fCL**2

-.-. 0.121 -t, 27fl 0.03b (,073
-:250.069 -1'0 0 .O9 0.071

c.n2_ 09,2p 0.Q 3-•::1 .79 -0. n 7 C)•;..:~ ~ ~ - ..C oO,• . ,-,17;
.1 -0.052 -.7 0.035 f~3

.3, -0. 0. 2 (f. ( 1' 1, o4 .6 .

9.86 .130 (1.75t' 0.100-"'" 0. F7 - 1 i o C, . 02 o 12 1 C
i..11.87 -0.150 . FNC.o.I0 1 5 ,713

. 12.3 -n1 .p 0.17 1 77
"13.83 -0.167 0.q 10 0.200 0 ? 7

-0.175 t.831 0.279
--. 85 -9.1P3 0.58 0 .693
. . E9 9. o0 0.950 , •.90?
17.89 1n00 ..3eb 3
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Ci CL C D r C"/LA LPh A L/)Lh

o~iq -C.S;2R-r7 C.2F -. 19

LF ~ 5~JPE L Yt-I.;I I AL. CnEFF I C I E'iIS

C OE F C V ~A CI./(I Cr/ Ar t C"',.9L P PA/ A CA CLild PLýAA/10',A

I ' An~tF..1l O7 7 4E - 1 0 .?27 FE - 01 -('2 0q L - 1 OIFP09ý-nl
A ? -02o-l A (ýr5~E -0 1 0.?97ki-3 r 143E-02 .1?m?
1,3 .71 6F- 0 .F - 3 ). 4?IF- 03 -3 7 5 E- -f, 4rC.

AS O.000E+01 %.IiQE-05 C.7E63E-O5 rý-000OE+t -O.?5?E-0b
A 6 0 0 ( 0 E+ 0 -C; . (011E- r.7 0 3 18 E 06 0 0 0 UE + C (t'O+L'

ItDA C~"AL PHA CLP LPHA

-t, 28 -0. 11?77

I I.7q .1 C 0 7 79

0 0 13P p f, 6714
*7,PS -).0'120 1,59q7

0.8b C1 C 0 5 0
10 ,'ý r, P 7 7r'*ci14

jcW9 7 c q.3
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LEAST S.;tjAPF DITA FIT

:+ CL VS CM, 2!-:D ORDEP

"C" L VS CD, 5TH nPIJEW
CL VS Ct.*, 2:ýD CrqoFR
CD VS tL**2, iST IS &DFR

CL- Cc (" c L)

- O 2 .•V P C. ? n.. n i ,• 0 . 0 1 7() n 3 q ~-01 0ý, 071 ?A.7 n.(52,-. ,

01054 0.026 1.022 ',.25 0.36 7
0.226 -0.019 0.02'6 0.02/ 0,;2

0.36c -f132 .*Q3% n0o0 O.a1'43 ...u 12

0.642 -C.I11 0. 0..., 0.AoO0. 756 -C, 132 0• 0 3 0 .,o0n 0.00 ,CIO()

0.807 -0,141 0,1 000 110. A 0 ,00 1Bli -0O1 Ll 1), 14 FA 0 00 C, 0 ,7 .. , --
0.87Q -0.153 0.179 0.000 Q.100."
0,905 -0.158 0.209 (,.000 O.fl r. -
0.926 0.00D 0.23Q 0. 0 O .-
0.9gJs 0,000 0.269' 0.000 0.000 0 Gon
0.960 0.000 0.2q( OOno 0.()00 .%
0.9O 0 0.000 0.261 0o.(000 0.00 . 00

TRIM CONDITIV'(-

CL C" cr C NCL

0.154 -0.IO0F-11 0.?7 -0.?970

POL. Yl.,rV.1. I L CnEr FFTCTEN TS

CUEF Ct.!CL C-'/CL CFr*/CL C)/c.* -

0. O 4Q -09[ -C (IC. 2 ;- ; n ,2 5,9+ -F , _ e p
A 2 -0.276F+C, 0 -l. 7 ti./IE - 0.1255.EI (, ½9 8fl -F

-- •,~~3 0. 2 7E - 01 12"•/+, '? Il0+ 0 . , 01n- +, _
44 0 .O00F+0I 0.777E+Oo 0 . OOOE+(h .0c'1+I
"AS 0 .OOn E+nA.1 -n.27.11?,F' r.OOOE+01 0OOOE+'+•' A6_ O.O000E+O0. C,?IIE+ TI A.000'nFO' nn0÷1

"118

.- ,- - - o - . - • o - - ' . . . " . . -. - *



CL CIMCL HNJ

"0.269 -0.3100 0.56 o0
"-0*105 -0.2805 0 5 1
0.054 -0.269' 0 .5 1
0.228 -0.•476 OJ9 7"
0,369 -0.2300 0 e
0.512 -0.2120
0 .64J2 -O,IP57 I.••

0o756 -0.I12l 0.431¶iJ
0.807 -0,1750 0.apgo0.8'J8 -0.0,] 69O.1

0.879 -0.65'9 0.41-9
0.905 -0.16?7 .411?7

'1.

-4-'•

4"--
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STAPILIZER -2.0 DECRFES RU!)DER 0.0 DECRFES

BASIC CO,ýFIGUFRATIo-

CORRECTEr, r'i,, A

AOA CM CL C;) CL**CL

0.16Q -0.2?6 0.029-Z.77 0 .12 q -0.I112 o~n26r eI.
-0. 75 ,.073 p". 0.F_ 0.P.?l ,.0 p

1.27 ('.V012 (.213 r.I.?7
3.29 ,_,5 0.030
5.31 "-o. 025 0.1197 0.0'5 .. 247"
7.32 -0,0411 0.622 0.06I .. 381.
9.34 -0.084 O. 714 L, 1 041 0.557

10,35 -0.Oq7 Co797 0.115 V,63S
11.35 -0.1 O0 t.P37 (.141 (,.700
12.36 -0.12 .73 O.73 0.76
13,36 -n. 13 0 . 86 O.P03 o,8n2
1. 36 -0,152 .q?8, 0.23 0 .61
15,37 -0.173 0,934 5..P5b o ;ý
16.37 -0. 187 0.9 Q 0.275 OS FUR
17,3b -0.100 0.9?3 0.293 C~e5

LEAST SGUARE DATA FIT
CL, CD VS AnA, ORDFR 5
CM VS Aflp, rj~r)FR 3

AOA Cm CI CI; CL*

S0 0.172 -(C.2f26 0.030 A. ,)-2.77 0 .12?1 - 2, 1 0,.0 5 .' 1-!l
-0.75 0.078 v.f '. ,f.0.51 ,27 2 .• 1 (IF 0 27 n .n 7

3.29 08 r.,.-087 o , 3-
5.31 -0.021 fJQIc7 0.01,2 r. ,
7.32 -0.049 O.f r. "?7 ". 0),3 r.39-4

*. 31J -0.076 (,. 7l,,o . f)QA C) 510,35 7O.OO 03.70? ?.p.
11.35 O0. 1 Oil 0.1136 . 1 'S ,609•
.1 2 .3 6 0 ,11 1 0 q ), P 7 • li( . 1 7 3 G .7 ;:.6
1 3 . _• O~0 . 1 3 5 ( .) C .,.2 n I.

I•.-0 . 151 o. P• 0. 30 C. P54.
15.37 0.3169 (;,'35 0.256 ?C.F7',
16.31 0.000 (' 36 p) 7A A'.;7.r1 7 . 3 6 0 . ,0 0 O - 'P • . 2 ?O ,_
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TFPV' C(4 DITICL

ACA CI Li. D DC .D AL P'rA LC/LA L P~

0311)6 C,~F~ 0 3 01 57 F

L!: 51 --U( fF Pk L Y6-nl-i AL CO)tFF ICTE.N!TS

COFF CM'/AGA C I /AV e, C/Vl C -.ALPHA/Aflk CL tL PT b4/A/','

A2 -0. 1 e7F-C9  C. 7 7bE4 p~.5nE-n 3 ~1 37E-0? -P. i7LE-c?

Al 3 O~~Cl (~1O-'. 1 4F-OiA .OE.t37w l ~o1dF~fOF)4

A5 C0.OOOE+01 -O.i;77F-oS ('.91PE-O5 O.OOOE+o'1 O.IPQF-06
A6 02.000E+01 0.378~E-07 -0..UE-0 ('0OE +o01 C'.0oOE+0l

AOA CM~ALPHA (CLALPH!A

-4.0 -,0271 1),O6911
-2.77 -0.0232 0.0632
-0.75 -o.Ol98 .7'

1,27 - C o017 1 0.0755

7.32 O0 13 4 ý.f)lbtI
9 .31 -0.0136(52

10J.35 -' I' tl0 ) 6

1.21



L E AST S9Q(;APE LATA FIT

CL VS t>s, ZiJ& OPDEP?
CL VS CO, 5TH OPDFP
CL VS CD"*, 2NtY ORDFR~
CD VS CL**2p IST ORC'Ek

CL cm~ Cri C CL *,2

-0.286 0.167 O.Opq P.,$31 0.002 .2
-0.112 0 ,1?41 0 , C 29 0 24L (1, 5j
0.048 01064 0 C. 0?2c 0.0Ž2201
0.213 010J44 2 0.0?6 n24.7 "1k
0.355 0.010 1 . 35 0*0311 C, .3
0,? 0 L19 024. 0 .Ow 7 00 .c'1. O0 0 r1
0.162 C. S il 002 1; OO00 rcc 0.00k
0,746 -0.084 0 01182 0000 Q 1C 0 C , (.00(-

0.837 -0.105 O.IJi7 00300 0.ooCO A1coo
0.873 -0.114 C.182 0.000 0.,0 0j0 0 .00 P
0,896b 0 . 1I9 0.210 0 .000 n.0 0 ,0 0 r
00928 0.0')0 0.256 0o*O 0 .0 noo0
0.934 0.0(10 0,265 0.000 0.000D 0.000
00939 0.000 0.274 0.000 01000 r.000
0,923 0.000 Co2lih C000 C.000 06000

TRIM CONDITION

CL C" CP'CL i
0.396 -0.7?E-11 (1.037 0?0

P 0L.Y[ O1,4iAL CrjEFF ICIE.-*,TS

C 0 F C" /C L CC/A C 1W*CL Z/CL *

£1 0.96S2E-01 0,217F-.J 0.2?2L-CI 'X?15E-v1
A2 -0.24SE+00 -0.'&PSF.-riC .2aE; C.9&6E-01
A3 0148t9E-02 P,?b3FiOo Ofl.f!E+(O 00L'flE4(,11
A4 0, 0 0 0E + 01 0./46E8E+(c1 l.OOnE'+Ol O.0On+ol

Ab O.OGOE+Q1 0.17PC+C¶l 0,,O)(oE+Oi 0,06+
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""C- C•C

-0O.286 -. 2J747 0 .JQ7r
-0.113 5 C.?.5q ?

0... . -6 2 . 3 A/ F-

_•j..:0.21t3 m0.?L•7 .• 1

"0,,7 6 -0.2375 0.L6.75
0,797 C.237C 7oCPF. 7 0•--•70 0. 8.x7 1 . 23 .7 . J 7

O..573 2 3 623 3n

-C.2b1 C.Th&12

--

5.',

-. 4
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SSTABILIZER -2.0 PEGRFE PUDDE R 0.0 DEGREES

ARIA C0NF~r[1RAT1f9rv

COPPFCTEO .)ATA

AOA Cm CL CD

-4.28 0.171 -0.?~l O.0414 0.0 7
-2.26 0.142 -0.113 0.038 0.013
-0.23 0.073 C.t' 8 0.026c

1.79 1.018 t.?30 0.033 01051
3.81 0.001 6. ; 0.033 r.137 i
5,83 -0.015 0.4Q7 0.040 0.2,47
7.85 -0.062 0.635 0.057 (1,413
9,86 -0.070 0.757 0.112 0.573

10.87 -0.107 0.803 0.125 O , 6
11.87 -0.105 0.837 0.12 0.701
12.88 -0.121 O.A67 0.173 0.751
13.88 -0.106 O0P93 0.2U8 0.79M
141.84 -0.132 0,921 0.226 0.8aA
158l -0.127 0.930 0.262 0.Aoi
16,99 -0.147 0.937 0.283 0.87s
17.88 -0.138 0.920 0.2914 0.847

LEAST SQUIAPc DATA FIT
CL, CD VS AnA, ORDER 5
Cv- VS AOP, (7'PDRF 3

AOA "L cL cL**-

-'.2;3 0,177 -0.?!,? .0 a . ....
-2.2b 0.125 -0.111 0.036 C•01?
-0.23 13n7 0.031 0. 03 -

1.79 ).037 0.21s 0.O2,
3.8I 0.000 0. kA7 0.032 P.13
5 . Q3 -0.032 0 , C.;r, 0 . 0 ip "?I
7.85 -0.05q O.b37 0.0 c•9.53b -0.)83 0.7•J- 0.1(1O056

10.87 -O.193 0.796 0.123 0.633
11. 87 -0.103 0 .P37 0.148 0.701

.12.88 -0.111 !,0.77 0.7,
13.1' -0.119 0.900 0.204 0.811I4.88 -0.125 0.919 (1.232 08

15.88 -0.131 0.930 0.2,9
16.89 0.000 0,9l 00..2b1 0.8.?3
17.88 0. )00- n.123 0.?,)b 0.51
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AOA C v C L c D L'Cf/DALPHA ')CL. /.4,A PrA

3.0 -l1 5E-06 11.367 (:.032 0 16 q .73 b

LEAST SQ!JAPF POLYNI'O"7AL CQF.FF ICIENTS

COEF Cti/A OA C L /A 0A C1%/0 A Cý' ALP1A / 40A C L AL P L 4 1i. 4

Al 0.732E-01 0l.733E-01 0.106E-01 -0.215E..C1 A.6,3F-0
A2 -O.215E-01 0 .A 03F -01 -0 .17 4 E- ? 0 .lIUE-n2 -n L7L2~

A3 0.61REF-Iv3 -1.737E-63 0 .337E- 0 3 -0:140[-04J -O.;-77E-.,a
A4 -00I86E-05 -1.292E'-04 0,302E-04 0.000 L+01 -fl.7q2E-(5
A5 0.OOOEe.01 -0.19PE-015 09571E-OS O.QOOE+01 0*49c'E-07
A6 0.000Et01 4*961E-09 '-0.311E-06 0.OOOE+01 O.CODOE+(,I

AOA CMALPHA Cl.ALPHA

-.5 -0,0270 0.0857
-2.2b -0.024J3 0.0e33
-0.23 -0.0217 OOl
1979 -0.0191 010?774
3.81 -0.0170 0.0730
5.83 -0.0147 0.1.673
7.05 -0.0127 0 .05c)7
9.86 -0.0107 0.0501
10.87 -0.On9a n0.¶)/., 5
11.87 -C.OOiA 0,3F
12.88 -'3.0080 n01
13.88 -0.0071 6 r)236

14.8% -0.0063 c0.0193
1S.L88 -0.0055 On6
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LF AST Shu iii iiElATA FIT

C L v CV', 21-D OD~ER
C L IS D,5T&.ý ORDEQ

S~r vs L**2, 1'sT oPPEP

CL c 1) CD*CL*2 C 0

-0.113 0.l~ 0 03c, 3 *3t-I *3
0 . Ol3 0.0812 CO.0C2 7 fl~? 0.13
0 .230 C.3~ C, ?A 0.030 O.?47 la
0,365 r*00i 0.035 0*3 (.05S
0.49C7 03. t'.01J 3 P P)

0.757 63fM C. r96 (11000 n 1 1) '1000
0.?303 -0.096' ("1~ 0,0)0 0.O fl.0 o
0,637 -0.103 0.1152 0.000 O).OuO 0 6090
0.867 -0.109. .p 1 .000.000 0.10100
0 , F93 -0. 11 11.21e4 0.000 0~o .000

.91 0 .00 0s4 0.00Of, 0.000 01000
0.930 0.000 26 0 .0o0n 01000 A.000
0.937 0.o O,2fl 0.o 01000 0n0 00
0,920 0 .0 o125 000 0.000 00

TRJM CO",:tT~ION

CL C.qc r CM~CL

0,3b9 0 . 3 E- 1? 0 . 3sIO.4

~ WJOI1.'C(-FFF T(:C Ifl5

COEF r,-/ CL r U/r. C *C L CD/CL**2

A2 -0.273V.0 .bI?-n -0.255E-V1 0 7 i P-o I
A3 0 . zi 4E -61 0.2Llq4+llo 0. 102ý-+00 0 0 0 0E + 1A 4 0 O.0 0 0E + 1 0 0. 1) n0 +0 1 1). 0 0E +0I
AS 0.0oOF+01 0.1QRRE+C1 0.000F+ul 0.001E.dOl
A 6 0.OE0 0 0 0E +0 J+ 01 ~100+0 .0 O+o
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CL Ck:CL H'J

-00113 -0.2331 3(1.5331
0,048 -0.2698 0.518_q
0.230 -0.252.6 (.50?6

C-'L , 49 7 -O,2?RA 0.,1!T 7
n,635 -0. 21 Y;0.'I ,

0.757 -O.2A565
0,B03 -0.2015 0.U515
0,837 . Q611 0

" :-_ ':: .~~ . 4 6 3 7 - O . I c ., m . /,A r

0 obq3 -".19314 0 1

1.27

-- ;

_-I_'.
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STA8ILIZER -6.0 DEGPEES RUDI'F R 0.0 D-EGREES

BASIC C0,.JF IJr kTI0'j

-.C•PECTEn' I)Tf

AOA C:, (.L C')

-4.,80 2.? 8 -0,, 3?• 0~• m, t4

-2.78 0.233 -,o0,035 0.03
-0.76 1. 178 0 .a? P 037.
I,26, 114 C'.1Hk 0.030 1.
3,28 n, 106 0.035
5.30 0,084 0.O52 u,2(.C
7.32 0.052 0.57 O.O bo 0.3314
9,33 0.023 6.700 0,094 004(0,
103aI 0.019 0,7511 0.1O9 0,569
11.35 0. 01 f.796 0. 128p
12.35 -n.014i (1.835 0.160
13,35 -O 0?6 0.856 0,169 0,7•?
1I4.36 -0,037 0.u77 0.212 0,770
15.36 -0 071 0. e9q 0,239
16,36 a.1 311 0.c17 0.257 c.,elI
17,36 -0• 71 O.PD90 0.274 0,792

LEAST SQUA4E DATA FIT
CL, CO VS ACA, ORLER 5
Ci V9 A0•, r)rF_ 3

AOA C CL**

-4 .80 O.29 -0.3C, 0.05 I
-2.78 !,?30 -3,;S05 p' o"
-0.7b 0l. I A0 .1 017 r).00341 .,061,26 0,.I• a• ohf q, .r -. 7
3.28 0, 107 0.307 n.o3P
5.30 l.,179 n . -' /JO 0.046
7,32 n, n 5 0.AA1 n.0.,3
q .3.3 0.029 0 0 .fIt Al
10.34 n.016 0.750 0.111 P,?-
"1,35 0,002 0.735 013'3 O.0 i.

13.35 -1.028 ,6 3 0, 165 ,7.l4 .3b -1.0 5 . ,. 0 1 ( 7;,!l
15.3b~~~ a0 0., .,on. OA; 7

16.36 0.000 O.c3 .. 7 0
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TRIP, COCdr)JTIOIS

A 0A CCL c D L'CN./VALPHA NC L 'LP-lA

1.5 -013 F-m 0 8c 1 1) 1 57 -. Ca '(11 1 4oi

L-E A ST UL IA R LI;:A C 0EF F IC I Fi.

COEF C/A CA C 1 /AfiA CI)/Afl A C,, L PrA/ ALA C- A'LPL --IAiA-I

A 1 0 .16 4 F 0 0 01656E-01 '339F-n 1 -0.?02F-ol 0,75BE5-01
A3, 0.202E-(12 -. 77%E-Ctx 0.17E-03 fl.231f-i,2 P.226ýo 2

A 9 -0.4~37E-04 07 55E- C -0 22 6E -0 4 0 -0 0 0 E+ 1 -o0. 6E - 0
A5 0 .00F + 0 -0 112E - 0 a .1E-~ ('.03E+oG1 o. II eE-0
Ab 0.OOOE+Ol 09236E-06 -0.4~91E-06 OOOOE401 O.CAOP-+Ol

A'JA C'MALPIAt CLALPqA

-14.80 -0.0331 01094J1
-2.78 -0.026q 01,829
-0.76 -0.02tq 0,0771
1.26 -0.0179 0.0741

7.30 *-0.0131 1).062?

9,33 -0.0126 0.0535
10.3ii -0.013? 0 . 0 U79
11.35 -0.0luC' C0 041 L
12.35 -0 0 1S1 0.3 2
13,35 -0  (11 t, ?
Iti. 3 6 -1 0olp 0 0C- 177
15.36 --,.0199 C, , G P 7
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LEAST S%0;;,CF rATA FIT

CL VS C¢s, 2OD OPrjER
CL VS Cc, 5TH ORDER

CL /S Co*,, 2'r, DPDER
CD VS CL.**2, 1ST OPnEk

0L A
'":.:CL " W CC cr. CL **2 C:

";._- .3 2(. 8. 0.0 u- . • 0. ,,00c ',3

u-.130 n.231 C.. 0. 0 5 r,.027
".180.00? .9 0.03(' 0 C.'32 0 09 Q
0' O16.I 0. 1s6 (,.33 0 03L' 0.200 o pir q
0.3'7 0.110 C. C.t' r.. f39 0,33. .

S8 0. 76 0. C/., 00 r. .o o
0,578 vC& .6( C,c0,I 0. u0 r -
0.700 0.cI, (?.087 0.000 0000"0
0. 751 C'OOP 0.1 l .O O ,0 0t00 r,.n00
0.796 -0,001 0.137 0.000 0.000 n.O00
0.835 -0.00c 0.170 0.000 0.000 0.0P0 0
0.856 -0.013 0.191 C.000 0,000 0.000
0,877 0.0n0o 0.216 0.00 0.0n0 0. (f)
0.899 0.000 0.246 01000 0.000 o.co
0.917 ,,00C 0.273 0.000 0,000 0.0C0
0.890 0.000 ('.233 c, 000 0.000 c .

T"Im CONDITIlON.

CL C..', c0. CMCL

0.7q2 -P. 3F-I I .13 4 -0.2075

PCLLYI &.' ,L C;EFFjCIEN1.S

C.:LF C' /0 Cr/CL Cr.*/CL CUi/CL.**2

Al o. q + n.3c3Ei-o1 0 .3?1E-01 0.3b1-01
-0 -0 27nk+",( - . il -O -n 659E-02 O0 87 5 E-')I1

Al3 O.AghE-01 0.?L47t+0(. O.Q7qE-t1 O.O00F.+0l
A4 0. +O .•F +01 ..?1-I (8. COOE+()j 0.(, rE+ol 1
A5 0.O00E+01 -0.118'F+01 0.00OE+O! 0.00E,.0F.+l
A6 .OOOE+01 0.13,J1F+01 *.OOOE+01 0. OF+OEl

130"
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*,CL c PC L H rm

-0.332 -0.2Q67 0 54t,7

-- •:01002 -0.276?, 0.,521,2

0,1641 -0.2973 0.5073
0.307 -0.2a160 0 , o

0,578 ..0.22415 O. 7,j5
0.700 - p.2I/• 0.461.8
0,754 -C.21 (f6 v , . n
0.7Q6 -0.2072 . 5"72
O,35 -O.2O . 2 0. L
0.856 -c.•0?C, C'oS?.
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STABILIZER -6.0 DEGkFF.S RUI()DER 0,0 DEGREES

APIA C0'4FIGURAT I nK

CORPECTFr, DATP

ADA Cr IL CD CL**?

20A267 -0.321 09048 C,103
M? -26 0 . : I - I. 1J t.039 0 p02I

--* -O..• 0.169 0. 0n,029 0.0r0
I- .75 1c7 0033 c
3, Ro r .09% n .329 01, 31 *I;

'5.82 0.070 0'.!62 00054 0.213
7 7. 0.059 0 ,-• 0 b3 C .3,3'.
q,86 0.032 0.711 0.101 0.506

i10.86 "r•.11 0.765 0,117 0 5ft85
11.87 0.006 0.797 0.141 0 .63b
1?.87 -1.017 0.•35 0.172 0. 6 9
13.87 -0.01 0 ,F457 0,198
14,88 -0.5 n p.4 0.231 0 7 A?
15,88 -0. 037 0.897 0.243 0". A. ,
16.88 -O.D96 O.A)n 0.'79 0.82f,
17,88 "i07 1 9 P95 0. :83 0.80,

LEAST Sr.-,.iApE DATA FIT
CL, CD VS POA, ORDER 5
"r• V9 ArA, wniEP 3

0 .'.. .

.. 21? 1 . 19S (,036
1 76.1..f 17,S 0.03? o

3.80 0.09- 2.3Ž5 0.36r9---, 82... - i0 .r. 4 6•-
8a A4__•...:~ ~~ .,8 o• 6 .•'r)00 6 0•2 3`i.-

Q.8b 0.•22 C•7r7 0.o)9 0.
10.86 0P011 (.750 0 1 0 0.571
11.87 0.7901 8.7 0,1144 C. 6391
12-. e7 -. O P ,< 0.171

13.07~14 -702 ii~-t o
14.81-3.036 . M.226 O.7----. "15. Fa -1.050 (). ""e•0 25 .
-- _.'.8. 0.•.3.?.72 0.•5

170 .0. (a 0 .265 0. A
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AAcL Co D fC' /DALPH4 L/ALH
1.2 -0.87E-07 0.'S.~ 

.

LEA4ST S~.,i 'Y''~JLCE CI~

COEF Clv/AOA CL/A-'f c r)fl C^ ALP'4A/A(Ai L~.L'/1
Al fl.15qEtC'0 P*~7-n '317E-OI01

A2 -r.206E-01 0.7A71E-O( f.Sf..a OOO,! 02I-.
A5 O. 00'IE + 0 -0.70i3E-05s 0 .11Eo % 0 )OF# ~A6 0.001E+01 O.J13 I.-Ob -0.4J53E-06 o~~E~~ OI.OOOE+Col

* .ADA CMA4LPHA CLALPPA

-. 8 -0.0313 0.01415
-. 6 -0.0258 0.39

0.12 -00211(1.0791
1.7 -I"0.,0 1731 10.75

3,0 -O.O0144 0.9)7113
.82 -0.0122 (10670

7,84 -0.0110 0,0603
9.86 -0,0106 0.0512.
1.6 -. 10 7 1I

11.87 -0.0111 0 .0395

IIJ,83 "n.013
15. 0. 0 1' 00 0A,7
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LEAST 5,OUARF rnATA FIT

CL VS Ck', 2N"Dl tRDFR
CL VS CC;, 53TH- O)RrER
CL VS CD*, 2'.D OPDFR
Cb VS CL**2, 1ST 09D.Ek

CL- rM icD Cfl CL*2

-0.132 1 0 ?blJ 5,f)J 0 0 0.lo nC
-0,144 0.213 c 0~42 0 .f)35 0.0151
0.013 0.171 '~0?7 ().010 0. (o6 'M

0.186 0 .12a 0.026 0.031 0.213 .(5
0.3?5 ().095 00!j c 0,038 0.3,43 c ()L,3
0,,462 0,.0U5 COASI 0,i~q v.O('() r( (ILI
0.5860b 0.0' 0;,13 v.bI ~ '0f
0.711 0.01b 0.093 ('.000 %0.00 o.c(rno
0,765 (? .t) D 0120 c .0 00 0. goo rncc, I
0.797 0.000 o.IlL3 ().On0 0.0,00ln
0,835 -0.006 0.177 0,000 fl.000 0
0,857 -0 0 1f 0.202 0,0O0( 0.000
0188'i 0 0.2 3 8 0,000 0.,000

40,897 0.000 0.?57 0.000 0.00,0 C00
0.910 C.00 C , .280 n).o0o n100oVoo
0.895 0.000 0. 2 5b 0.000 01000 V

TPIM C01NDTTION

CL C~ W.c CMCL

.8 00 -fl.LJ5-1Ž 0 . I iu -0 .17 Q 9

~ 10~ ALCOEFFICIErNJS

COEF C/CL C j/ C L C1CI- CI)'/CL**2

A? -0 . 2 2E ý0 0 - '6O0 0 E -O.1~t(F--O1 0.l1rSE+00
,53 O'.SI"4E-01 C.6eE.+0o n.130E+00 ý.0fl0E~oI
Ail 0.000E+01 n.?6'JE+flo 0.600E+V1 !.GnOE+ol
A5 0 OOE + 0 - 0 0 E + 0 1 0 0 lE + 1 0 0.OE + 01
A6 A.10DE+01 0.195E+C1 fl.OOE.+01, 01100E+nl1
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" :- CL CCL

-0.321 -0.2q68 0..5 6P
14 -0,2775 0,5275

'.013 -0.260.5 0.5105•~~ ~~~ O.l~ -I2'1 A6 ig

.0 
. S 25 0 P•2 65 0 4 7 •n1-0.25 1

0.586 -0.1 q98 O. J4JA2
0.711 -0. 1 5J5 0. 3a5
0*765 -0.1786 0.'1286
o.717 -0,1751 0. i;II;i!o, '•50.1710 O.l.2 , ¢

0..7 -0.1b87 IJIA7

135



STABiTLIZEP -10.0 DE PErWE 5 PI iD D F 0.0 CLE(;FE~S
S~~~~~~~BASIC ;F .U' O'

COP.RECTEVr OAT;,

ACE C V C L CL*P

- -O.33 -V . 35? 0.05S
""-2.7 .323 - .Q, 0/3 03P
-0.76 A.274 -n fl035 0b035

1 .26 0.25? r.13f o.n35 .7j,
3.28 0 196 P 7P 0 034 C e%77
5.30 0.b9 0.416 0.0o 2 0.173
7.11 0.139 o.54 .0.056 0.300
"9.33 0.104 00f.673 0. 096 0.452

10.34 0.)080 ,.727 0.116 bn52ý
- 11.34 r.074 0.764 00131

12.35 0.034 r c,(,q 0.157 7.65,
13.35 010118 0dcs 0.189 0.68-I- ,a 1 .35 0.017 5..? 0.216 n .72.S
15.36 -0.002 0P-71 0,237 0.75%
16.36 -0.073 0.AQ3 0.261 0.7S;
17.36 -0.037 0.,73 0.2a7 n.76?

LEAST S•OLJ•F DATA FIT
CL, CD VS Ant, ORDEP 5
ckM Vs I(AOA -.PtEi 3

35 n3 0.osi, 0

-' 2.7" C, . 12 -0 . c3 4u., v 3

0.03? n 1
3.28 n.?"R n.277 0.033 0.077
5130 0.172 0.,1? .t0042 17 77
7.31 0.136 0.i53 0.061 3
9,33 i 0- l.6Q04V• •10.3, 30 , 083 r). 721, 0.11.2 •'1

1 1.34 0,066 * . 71-41 0.135 A 5f,

13 ..! 0.033 0 A3aj 0.18614=) 1 i 3 5 (%,(17 pnCnga n . 1 .7 3
15.35 0. 002? 0.173 0.24'0 . 763
S16. 35 0r. 000 . f'; ? 7 7S--- 1•"I7.36 0.00 O ,* r7n 0r.?,5 n.771

I r79C . 2 ii.
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LEAST SQUAR.E POLYjO-'4IAL COEFFICIEryS

COEF C N/AOA CL./ACA Cr)/Au0A CPALPHA/A(A CLAI -LHA/AGA

At 0.265E+00 0.?7OF-0, 0.3144E-OI - 0 .172E-01 0.7',?F-(IA-:"' A2 -0 172E-C• I f,'. 78 -' 1 -n.?34E-0? -0.268F_-03 -fr 7t-QF.- 3
"--•-,'•A3 -0 144E - 03 -6 3•. F-t' 0.466F-('3 0 .256.E-04 - . 5 c

A4 O.Q54kwO5 -r Y" 7E w(-!! 0.37qF-LI 0.(00OE+C0 l -+..51.?'Ac- 5
A5 0.OO0E+Ol -(.i, 0-0' C.31E.*- 0 1Jf0 + o1 c .'; r-1I
A'6 Ab 0 000+ 01 ?,99Ec?-07 -0.209E-06 O.0nC E+ C I ,0

.&04 CH4ALPhA CL kLP14A

-1 0.0051 o00793
-2.79 -0.0162 (. C 7q3
-0-.76 -0.0169 .0787

1.26 -0.0175 0. ,769
3.28 -0.0178 0.C73P
5.30 -0.C)79 Ol ORf
7.31 -0 .0178e.
9.33 -0,07a4 o. f527

10,311 -0,0172 0 0 173
.1 .3 -0.0368 n.0L413
12,35 0.0164 0 34•7
=13,35 -'0.0159 275
14,35 -0.Oa54 0.0107
15,36 -0.0)*49 0,O jQ

LEAST SQL:Ak1 F IAT. Ffl 7 Lf';[P 7

DATt FIT rLy,,TAL EFFflI.(T•

ACA cr'rF r Pm

_.33 0 .102 .. O.3P'F4 A?

10.3 e.6 A P -O.1I3E402
I .3s 0.062 303 O. ' , + r

SIV, 0.045 A.4 -,.P76EiO0•"13,35 0.039 ^5 O PS•-P

114,35 0.027 7, 0 .707E-r3"
15.36 -0.01? a? -(; 161E- ,
16.36 -00 .0 6p r ,p (._z-n6

•-:.17.30 -0.038 - V. .('.O00 +,. I

TRI' CfOl¼T I T,.3

E AOA C CL C',

15,131 7... !--"IB .... . .331

__-.1.



LEAST $d..UiARE DATA FIT

CL VS Clk' 21-0 Qr)F)EP
CL VS CC, rTH OIPER
CL VS CID*, P-ND OP.RF.
rD VS CL**2, IST ý,;' Ei,

CL C' CD r, (L**2 C

-0 .352 0, 1 I ,~ 5 s', O • 17 .,n32

-0.19,4 0.313 0. O5 (0 it3 t. 77 '.037
-0.035 O. 2RA2 1.1(134 0.035 (. 173 , O4i

0.130 0.245 n . V32 0 . ,33 n .30 n
0.278 0.20P n 3.06 001000
0.416 80.172 0 ', 14 (1,.a3 (1'*0 1 A,0
0.50 0.134 0Q. S6 0,1054 0.000 01000
0,673 0.05 O0 e7 0.(100 0.0c0 0,000
0,727 0A07 La 0.113 0.000 0.0c0 v.000
0.764 006 6 0,136 0.000 0,000 '.000
0,809 0.051 0. 173 0.. 000 0.000 0.000
0,.@25 0,045 0.190 0,000 00000 c.Oflfl
0.852 0,000 0.220 0.000 0. 0o (0 AmO
0.871 0.000 0.245 0,000 0.000 (1,000
0,893 0.0n0 0,276 0.000 0.000 n 0 0
0,673 01000 0.207 01000 0.0 C0 A. OrO

POLYNOMIAL COFFFICIENTS

COEF C./CL CD/CL Cr* /CL CD/CL**2

Al 0.27aF+Ol 0.327E-01 0.340E-01 0.307E-01
A2 -0.?16F+00 -p.5o[-r l -n.227E.-0 0.776E-01
a3 -0.747E-Ol 0.?10?E (O o.19 +E+Oo .. I n 9 O0 n +(. I
.44 o, OEc. -n. P3 E-' I .., 000.+C I r. 0(" +( 1
4a5 0 ooE+(ii -0 1 673fE+n0 0,0+•(EIs, 9.OOOE+01'
A6 ,.,+0 0.1,5.+C1 ). 0OE+(( 1 5.ooEF+6( 1

CL C "CL

-0735 C ty ",r.0. 4 1c-

0,035 -0.2103 O.1463
0.130 -0.2350 O.ae -
0.278 -0,2571 0.5071
0,416 -0.2777 0.5277
1.5418 -0.2Q74 n. 55t74

0,b73 -0.3160 0.5660
0.727 -0.3241 0,574l
0 .7b6a -C*3 26 0.57(;6

. 0,09 -. 33 6 3 0.5E&3

. i O. .5 - .33b .P.5PQ
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STABILIZER -10.0 DEGRFES RU..r)DDER 0.0 *)F(-;REES

ARIA COIFICURAvrION

C.ORECT C: r TA

AOA Cm CI CL., cL p

-14.29 0.356 -0.353 0.0719
-?2.27 0o315 -'0. t6 00033 0.035
-0,24 0.250 -0l.023 0,039 6. I

1.78 0.?2?7 n.136 0.03,."-"-4.80 0 . I F4 o. p.• o?8? e..sA -, n

c) . 82 0.153 0.42? C.051 0.17A[ 7,63 0. 139 0 . 546 n ,ool 0 .;,

"9.85 0o105 0.66R 0,088 O~UJ6
10.86 0.106 C.713 n.110 0.5(9
11,8t) 0.08's A.763 0.134 0.5p1
12.87 0.071 1%.798 01) 1 .63',
13,87 0.0a6 0.829 O, 189 0,66A
14i.87 0.022 0,9?3 0.213 0,7.7 27
15.88 0.027 0.876 .t39 7

-16,8 -0.013 0.0. 7.1e.7
17,88 0.011 0.477 0.272 0.7og

LEAST 8o.JAPE DATA FIT
CL, CD VS AflA, ORnER 5
C4.{' Vq AC0/, ('P")FEP 3

AOA C' rL CL0 CL**-

-4. P9 C,1 360 . .53 0.o -I
-2.27 0.30Lp -0.1q7 0.035 -.3of, -

1 .78 -. I o , 3

3.80 o. 1 8q 0. 0 0r, .8 2 0 . 1 6 1 0 " .;" 2 pC ' . • ; L. I '
7.83 1 . 135 0. 0 r, o.6S o.9,.85 fl.109 '• 6 .OOO *, r

10.86 0.096 0.711 0.11!, .5
11 .86 3.,8? '. 759 .r33 0.n73
12 .A7 0.068 n.7-Q 0.159 .
13.87 0.052 O.F32 0.1h7
1.7 0.035 r.P5P r..216 f.7 Z-15 8d0.017 0. 7 .?' .7c 7
16.8.3 O,,000 e. [4a A. t? 0 .7 L- 1 "

17 80 On 0. 0; ..P 7 3 0.71-
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LEAST SQUARF. Pr)L[u.1,"IAL COEFFICIENTS

COEr C"/. 4 C A CL/AOA .rD/AOA Ck!4LPHA/AOA Cl. AL PL iL/ACA

Al 0 .251 E+0 -0.3qqE-02 0.359F-01 -0.2(IF-01 0 .7qPE- V
_. 2 -0.201E-Cl 1 O. 7co2E-01 O .136E.'02 0 , I 8 E-(t2 .n..156F-C!?

A3 0,.gp qF--3 -0.77RE-03 0. 93E-03 -0.1 I3E-L3 E0.1[-n3
-A -0.375E-,14 -n.iJo6E-OaQ -(1.QAQF--0L O..OE.+(- I .Q17E-('
45 0.0 0)E401 A.229E-05 .19IE-0 0 .0OnE +.l -mn.h*3wkw6
A6b 0.0,01E 4l -0. 122E-06 -0.67aE-06 0.OOOE+.01 n. A01 E+01

"CA ' CLPHA CL ALPLIA

-. -,29 -0.0301 0.0822
".-P,27 , . 020.0819

24 U-0 . 0•2 - Ob 0.079b
1,7-1A7,-0.0172 0. P7,60
39'0 -0.CIl 7 0.0715
5.32 -(.A013? 0.0662
7,P3 -0.0126 0%.D5qg

Aq.5 -0. 12 i 8.0522
10.8b -0.0133 0.04'76

J2.87 -0.0150 0.•03b6
13.81 -0.0162 0.0298
l14.e7 -r. 0176 n.0221
15.88 -0.Olg2 0.0111

LEAST Sr'LJARE LATA FIT nkRDER 7

UATA FJT POLY:JO:ý AL C(FFFICIE,ýTS

?w:A04 V•CIFF C,.'/AO.

to,1 5 3. 109 A I 0.759E401
10,8 1.16'7 A? -0.502E9Ul

A8 • 7 A3 0.112E+01
12.87 0of6% n -O.iO7E +n0
13.87 nnU7 A5 0.337E-02,

S9 r). 033A6~ *1 .I 43E-03
A 7 .- 0. 127E-O6

-,17.•-; .A9 9.06OE+01

TV I ;' C O'JT.ITION3

16.4:-,12 -•' 9,F - 7 p. ," , .pi"'

140

--- - - ----- - -



LF S I SrLPF DATA FIT

CL VS C'l,' 2:-ID (Ik FR(F
rL '."S CD, 9Th nRDFR
r L vS Crr*, 2N'n )ORDFQ
C 3 VS CL**2, IST nQnEfk

CL C C') C.) CL** 2t

-0.393 0.35? ., q.
-0.188 0.308 O. 37 0.0.39 O..-0.023 0.2h6 0.0314 0.0)15 0.178 (..51
0.*16 0.?2b fl.038 0.o36 0.298 r.063
0.282 (.10(•* 0 . (4 O.n42 O.nCo r
0,422 0.t 7 6 .050 0*.051 00 0
0 .5•6 0,128 () 0f0 0.063 0.000 o0.0
_,b68 0.101 . ..0A8 0.000 0. 0n
0,713 Ooq! 1 , 107 0.000 0.000 0,000
0,763 0.080 0.136 0.000 0.000 C, n) o
0.798 0.173 0.163 On 00 0. 00 4 1) Q
0.829 0. 066 0.193 0.000 0 O1 ,10
,_0.853 0.000 0.21A 0.00oo 0,000
0,876 0.00 0.248 0.000 0.000 ".o000,693 0.000 0.271 0,0O (.000 L.ý000.877 o.np0 C.2tJ9 O.Oo n.o00 .000

POLYNOMIAL COEFFICIENTS

COEF CM/CL CD/CL CD*/CL CD/CL**2

AI 0.2:OE+n0 0.33RE-01 0.3 6E-01 0.3OEL-0i
A2 -0.254F+01 0.175E-01 -0.22?E-0 t0.957E-01'3 0.2147F-01 0.1L,3E+O0 n.97hE-Oj , OOOE +,u-
""4-"t, .r :÷llq -0.,'0 0 0. OOE+ 01 .C 0 E +r. I
k AS 010rE OL+(" - 55F > +1)0 0o.0')E+01 0 O00E+OI'
/Ab 0 ..O00f.+ 0 0.SOnnE+0 o 0.OOOE+O 01 . n") .00+,

CL C'"C L ,4N

"-0.353 -O.?7Ta 0.=2 5

-0.1 88 -0.2632 n.5132
-0.023 -0.2551 0 .5,)5 1
0.136 -0.2472 0.'4972

0a422 -0,2331 41 31
0.54•1 -0.2270 1.14770
"0,668 1.2 1 10
0.713 -0.21"87 A. • 7
0.763 -0.2| /16, lf

0.629 -0.2130 r. IJ P
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STABILIZER 6.0 DEGREES RUDDER 0.0 DEGREES

PA S IC C(FJ GT 10ot

CO'Z.P CtE C ,TA

AOA c CLC C"

..- ,79 -o6r0o -0.lc99 03' 0.C.39
-2.76 -0.,017 -O.03n 0*o2',•.•-0,74 -0.1 13 %. 1 1 . c, 2 O. I~

I: . 2B -011. (: P. ;) 9 C, 0 34! r. r, -4
3,3n. .- 0.221 e•-..039 0,IC1
5.32 -0.237 0.573 O.0o0 0.328
7.33 -0. 2 n1 0 .s 0.9710
9.35 -0.283 .)1819 0. 110 0.670
1013b -O.?QO O.P65 0.130 0.714i11.36 - 2 2Q1 0.4 nl7 1. 149 0 .. )
12,37 -1.205 n. a" 1" r83 0.ýA>
13,37 -0.313 .b96q 0.208 0,q39
1a.37 -0.3?0 0.9t. 0.?41 0.973.
15.37 -0.345 0.995 0.2h3 Oý99ý
16.37 -0.367 o., 4O4,'
17.37 -0.346 C.9C 0,0311 0.7

LEAST SCWIARPE DATA FIT
CL, CO VS AOA, ORDER 5r"Ni VS AOA, nRD)Fli 3

AOA C!" CL Lt)

-2.76 -(.)106 -. C? P.0215c0
-0.150 n.O#?71.28 -0.IB 0.).,? 0 .. ,314t•n~1 .2 .A A ..

3.30 -0.?j'I ('1.137 0.042
5.32 -0"(3R S.577 (..55 0.333
7.33 -0.259 o.79# 0.076 0. r-,*
9.35 -0.?77 nt. P I.IOR
10.36 -0.286 0.863 0.129 0.7 5
1 1.36 -n.?95 e,)o05 o I13 0 1319
12.37 -0.305 () . '•I I 1.i0 n .
13.37 -0,3114 .r n 17
"14,37 -0.325 (,o)ta 0,p38

"" 15.37 -0.33,5 0. 9R e. ,6 0e4 o 'I

16.37 0.000 .o.291
17.37 0. n0 q *.71
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LEAST SQUAPE POLYrNOrMIAL COEFFICIENTS

CO)EF C i/A CL/AOA CO/AO0A C- ALPh' A1 A/A A CLAt PLH.•/M.,

Al -0,1¶t'd4,O .¶QfE+ 0 0 I.F?3E-OI -0 I 3 E-r. (I,776c-01 -
A? '-0.181E.,fl O. 776E.-". ! h.30SE-C? X1SLJ3(I-•2 -f,. 1b5.-.?2
A3 m:.3O7F-u'i -3 .E ,E-O3 .O. ?623F- 03 -0.92 ]F,-nl -. 0. E.. E-(A44 -O 30 7 F-0I o n ne•,- n -+ 2 F •,, 0 0 1' ,, ' ? • ,,
AS O.OOlE+01 0..3f7E-05 0.124F-04 0..1COE+. O.7 7E-,,7
A6 0.O00E+O 1i.141E-O7 -0. 79qE-06 O.OCOE+Cl C'.,O0E+C1

AOA CMALPHA CLAI-PHA
I

-4.79 -O.02qO 0.(0862
"-2.76 -0.02P.38 0.16.22

-0.74 -0.0 q5 0.0785
1.28 -0.Ol9q 0. 075(4
3.30 -0.013M 0.071-
5.32 -. 1.0109 0.06.63
7,33 -0,0195 0.0591
9,35 -Ooopq o. 0ou
1O,36 -nO~ ". oQ(a

11,36 -0,OOQO 0.0386
12,37 -0,0094 A.n316
13.37 -0,009o n.0238
113 ,3 7 *O . O l n h•o .' • S 1-

15,37 -0.0115 0.0054
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LEAST S011PE r)ATA FIT
"CL VS Cv, 2"JD ORDER

"CL VS CD,. 5TH OPD)ER
CL VS Cr'*, 2N-0 09DER
CD VS CL**?, 1ST OP!)EP

CL* C C CD* CL**2 C

"-0.199 -0 .O 7 0.032 0.033 -. (%,16 rP7"-0,030 -0.I0 (J.030 f),027 o049 , 4,0,128 -0.1/45 0.01 '.027 0.191 0.44uj
0.298 0 .15 O.032 0.033 (.3?28 r 1560,431 -0,214 0 r)4 F(I 0.u 43 0. a8 8.V720,573 -0.241 0.060 0I0OnA '.,O0
0,698 -0.263 XG 7^ 0.072 '.0, ,0,819 -0,283 0.099 0.000 00O0 ¼0,u0
0,065 -0.28 0.123 0.000 0.000 000,907 -0,295 0,156 0.000 0.000 0 .OO0.939 -0,300 0.191 01000 0.000 r0,969 -0.304 0,232 c0 0 0.000 tAr, )0.986 0.000 0.260 0.000 0.000 Oo,qQ5 0.000 0.275 0,000 0,000 rnoo0,999 0.000 0.,2F3 0,000 0,000 0,000
0.988 0.000 0,262 0,000 O'D0.

P0LYNOD.IAL COEFFICIENTS

COEF Ctl/CL CD/CL CD*/CL CD/CL**2

Al -0.112E+O 0n.P7tE- 01 0.Ž2E-hn I .2S4E-0jA2 -0.26.JE+00 -0 OOf_-OI -0.106E-.1 0,9U9E-01A3 0,679E-01 0.I LIE+o0 0aI.10E+0 ',A0 0 ÷E+VIA4 0.O00F +O1 0,15•P+01 0.O0l)+)1 0 . uOEl+O
15 0 ,.qO E O -1.0•P 0• F' 'O E O + .1 r1-+¢.|.

Ab 0.O 0 0 O 0ED-2,E +, o..nOOE+fl1 0.UOOEeuI

CL C"'CL L H

-0,199 -0.2q09
-0,030 -0j2680 0,51 0
0.128 -0.2465 0.4-465
0,208 -o.2234i 0,17 3J
0,4.J38 -0.20(5 0. •iS
0.573 -0. II '8, 1
0o698 -0.1690 4.! 9o
0.819 -0.1527 .U027
0.865 -0.! q ,
0.907 -0.1'iC7 3 3c'(,7S0,q39 -0.13L-X 2
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STABILIZER 0.0 DEGCPEES RUDDER 0.0 DEGRE ES

T. C C .r l ,, G L, P G A T 101 w

C)F'PECTF.", i t'l1A

:Li E T c c ,' C n)

-6.77 -0.0.! a 7 5 0.037
*;-.77 -0.067 -o.04h 0.033
-2,76 -n.00• -.?2?

- .21 0 C r. Ir, n.020
3.22 0.006 .C12 09031
-s., 25 o.0 o. C5 0 .0 3U

LEAST SOLIM . rATP FTT, OkDER 2

BETA CN CYCD

-6.77 -0.013 -0.07 2  0.037
-4.77 -0.008g. - ,C.,0 0,032
-2.76 -0.001 4,C2P 0,029
- 0.76 0 .O00 -n .0 0 0.029
1,211 0,003 0.101 0,028
3 .21l 0. 0n6 P .C 3 0.031- 5.25 0,009 0.053 0.035

LEAST SQUARE Pt "Y.".OS 'TPl C•F FTC! EK:TS

COEF CrN/RFTt. CY/..T.. Cn/.•ETA

.A 1.l16F-r? (', 2 7 - k- . .0F .O1•]~~~~~ A2 0 17F-; tn F "-•- ,.13E

A3 -0. 448F - Lj ,0. J.' R -. 216_?-03

145
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BETA CY"ETA

-6.77 0.0023 OOJ
-4.,77 0.00?2 000
-2.76 010020 O.CI1O7
-0O.76 010018 o (1

1,241 3,0016 C
3.214 0.00u15 ,0
5,25 0.0013 C(109C

STEACY 1-EADI',GC SlC-FSLIP ANIGLE

BE T" BUETA CE CYT A CYF'FTA

-0.654 0.37E-13 0.Uý0 0 0 18 U01O
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STABILIZE.R C,.0 DEG~REE .1 PUDD0Ek 0.0 LE~~

A~rA CONIC,1'ATInli

COPPEECTEL (,ATA

FA E TA c' Cy C D

*1-6.25 C, 1o 141-i25 - 0.o 1 01 , 0ý7 0.033
-224 -o.C3 -0. 017 A 0 32

3,76 n.flob 0..030 0.035
5.77 0.C11 0.fýb5 0.039

LEAST SCULAPF D41'A FIT, niDER 2

B ETA CNCY c r)

-6.25 -0.014i -0 9 01041
~.5 -0.009 -ýt4 0.035

-2.24 -01005 -019(12 0.031
-0.24 -1 . C 0 100?0.030

1.76 0.003 n*fl?0 0.031
3.76 0 . 007 0 . OlJI r 3
5,77 0'(10 r.nfk2 09039

LEAST SO(.!APF PLr.re PL COýrFFICIEi:TS

C.OE F CV/3E.TA CYýFt Crl/F I A

Al -C*J7AF-C.3 0.717c-r.3 0.301E-01

A3 -0 .265-O I"nF-e'/j . 2 7 1 E-" 3
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BETA CNSETA CY&iETA

-6,25 0,0023 £.f1ii-4.25 nen? A O11P

-22 001 .0110
0 40 .0 , n C, i 09

1,76 n.001? C.¢0107
3.76 O.C.Oie
5.77 0.0017

STEAeY HEAD1r*t sIr'ESLIP ANGLE

BETA Cý' CY CrEl 4 CYi ETf

0,2L 0.36E-12 0.003 0,0020 0

1i
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STABILIZER 0.0 DEGREES RUDDER -5.0 DEGREES

-RASIC COFIGtURATI0lv

CO~PPCTEn DAT&

BETA c . CY C D

-c-..77 -0.111 -0.)76 O.n34
-4.77 -0.006 -0.Oa5 n.023
-2.76 0C. C -0.)30 0,021
-0.76 1).002 - C'.0q.

1.24 0,.O. 17 0.017 1) 027
3"24 0,011 0.03A 0,027
5.25 0.015 0,Obo 0.029

LEAST SQUARE DATA FjT, ORDER 2

BETA CN CY CD

-6.77 -0.01 -. 0 7 4 0.031
-4.77 -0.006 -0.051 0•.27
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APPENDIX F

C-18 VS C-135 Dimensions

C-18 C-135

LENGTH 152 ft Ii in 134 ft 9 in

WING SPAN 145 ft 9 in 130 ft 10 in

WING AREA 3010 sq ft 2433 sq ft

TAIL PLANE SPAN 45 ft 8 in 39 ft 8 in

TAIL PLANE AREA 625 sq ft 500 sq ft

MAC 272.29 in 241.88 in

FIN AREA 328 sq ft 328 sq ft

i.
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